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ATTEmpts to employ the photographic action of light for 
the measurement of luminous intensity were made very soon 
after Daguerre’s process became known. In the year 1844 
Fizeau and Foucault? compared in this way sunlight with terres- 
trial sources of light, proceeding on the principle that it would 
be permissible —if, perhaps, only within narrow limits —to 
place the intensity of a source of light inversely proportional 
to the exposure in which the particular source produced a defi- 
nite impression upon the photographic plate. Bunsen and 
Roscoe,3 employing chloride of silver paper, carried on further 
investigations, including the brightness of sunlight at different 
times of the day and year, as well as the distribution of light on 
the solar disk, after they had proven that the above mentioned 

* Sitsungsberichte der kgl. Akademie der Wiss. 2u Berlin. Session of the Physical- 
mathematical Section on July 20, 1899. 

*C. R., 18, 746, 860. 


3 Phil. Trans., 1863, 139; Pogg. Ann., 117, 529. 
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relation between exposure and intensity actually holds good for 
chloride of silver paper within very wide limits. 

G. P. Bond* was the first to subject any celestial body other 
than the Sun to photographic determinations of brightness. On 
March 22, 1851, he obtained with the 15-inch refractor of the 
Harvard College Observatory daguerreotypes of the Moon and 
the planet Jupiter, and he was at once struck by the fact that 
almost the same exposure was sufficient for a good plate of this 
planet as for one of the Moon, although the latter, according to 
its less distance from the Sun, is twenty-seven times as brightly 
illuminated as Jupiter. Interested by this peculiar condition he 
repeated these comparative photographs of the two objects, 
with the employment of the collodion process, particularly in the 
years 1857 and 1860, and he was able to fully confirm his earlier 
result. His experiments clearly indicated that the exposure for 
a good negative of Jupiter was only three times as long as for 
an equally clear plate of the full Moon; in fact the brightest 
parts of the planet’s surface appeared just as clearly as the cen- 
tral portions of the Moon's disk. 

Similar investigations were later carried out by Lohse,? in 
Potsdam. On the occasion of the close approach of Jupiter 
and Mars, in October 1883, he obtained a number of plates of 
these two planets, which yielded as the ratio of brightness 
a wn 1.677; or in other words, Jupiter was photographically 


Mars 
0.561 magnitudes brighter than Mars on October 24, 1883.3 


Bond and Lohse based their measurements upon the law of reci- 
procity between intensity and exposure. 

There can be no doubt that the method of the measurement 
of surface brightness, especially with the use of photography, is 
capable of answering a great number of important photometric 
questions with a remarkable degree of certainty, and that in many 


t Memoirs of American Academy, N. S., 8, 221. 

2 Potsdamer Publicationen, 8, 141. 

3The number 2.176 given by Lohse refers only to the southern hemisphere of 
Jupiter, then the brighter; but if we take the mean value for the whole disk we obtain 


the value given above. 
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cases this method is to be preferred to the comparison of inten- 
sity of objects in the form of points, hitherto chiefly employed 
by astronomers. 

I will now only recall how much the study of the law of the 
reflection of sunlight from the Moon’s surface is complicated by 
the fact that hitherto only the total light of the different lunar 
phases has been subjected to photometric measurements. If 
instead of this the change of the surface brightness of selected 
regions of the Moon were followed through all phases, accurate 
knowledge would be obtained of the law of reflection applying 
to the different parts of the Moon’s surface, and from this the 
total brightness of the different phases would follow by the 
integration over the whole visible crescent. Similarly the final 
answer to the question as to the change in the brightness of 
comets, and of their tails, again brought into notice by Holet- 
schek’s recent investigations, can only be obtained when the sur- 
face brightness of particular portions is measured, instead of 
the total brightness, so difficult to define and still more difficult 
to observe, with bodies so variable in their form. Now while in 
many cases, as, for instance, in the observation of comets just 
mentioned, direct visual measurement of the surface bright- 
ness would be rendered difficult by the faintness of the object, 
the application of photography permits the photometry of even 
the faintest objects. In this respect the measurement of the 
distribution of brightness in the spectra of stars promises to be 
of special importance, since the distribution of energy in the 
spectrum of any incandescent body stands in the closest rela- 
tion with the state of its incandescence. 

The fact that hitherto the measurement of surface brightness 
has been so little employed in astronomical observations is 
probably to be chiefly explained by the fact that a photometer 
suitable for this purpose has been lacking. For a short time 
the Astrophysical Observatory has been in possession of such 
an instrument, made according to my designs by O. Toepfer, of 
Potsdam. The fundamental principle of this photometer for 
the determination of surface brightness consists in projecting in 
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the middle of the Lummer-Brodhun cube, an image of the 

object to be measured, by means of an objective and, by a sec- 

ond objective, an image of a photometer wedge. The special 

| : construction of this wedge then permits selected small portions 
/ to be cut out from the image of the object and their brightness 
| to be measured with the greatest accuracy by means of the 

| wedge. If the cube is placed in the focal plane of a refractor, 

| the surface brightness of small portions of planetary and other 
surfaces can be directly measured with this apparatus. Hith- 
erto, however, I have employed the apparatus only in combina- 
tion with two microscope objectives, in order to determine the 
density of the silver precipitation on very small regions on pho- 
tographic plates. 

I have elsewhere* given an extensive description of the 
instrument and here I will communicate the first results of 
observations obtained with it. The following is to be remarked 
as to the procedure of measurement adopted. As suggested 
above, the oft-mentioned law of reciprocity is not to be employed 
as a basis for sharp measurements. If one should be compelled 
in certain cases to draw an inference as to the brightness of any 
object from the time of exposure employed, the relation between 
blackening, exposure, and intensity must be first determined 
every time, for the particular plates employed, by experiments in 
the laboratory. Since this relation may vary from plate to 
plate, the above procedure becomes, on the one hand, not very 
reliable, and, on the other, very troublesome. The more rational 
method is based on the following principle : 

Two sources of light are photographically equally bright 
when they produce on the same plate equal blackening in equal 
times. 

If only rays of the same wave-length from the light of two 
sources are compared, as in the case of the spectral photometer, 
this theorem is at once axiomatic. For light that is not mono- 
chromatic it represents the same approximation which provi- 
sionally justifies us in comparing the ‘‘brightness’’ of different 


i * Zeitschrift fiir Instrumentenkunde, 19, 97, 1899. 
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kinds of rays—provisionally, so long as any absolute measure- 
ment of the energy of the rays which the human eye recognizes 
as light is not possible. Since the sensitiveness of different com- 
pound emulsions exhibits just as great, if not greater, differences 
for the several spectral regions, as the sensitiveness of the eyes of 
different persons for the separate colors, every such comparison, 
by a photographic process of light that is not monochromatic 
will similarly possess only a subjective character. Neverthe- 
less just as for the average normal eye, so also for the photo- 
graphic plates of a definite preparation, can the relative intensity 
of different kinds of light be compared, at least within moderate 
limits of error. It should, however, be also taken into consid- 
eration that in cases of photographic determinations of brightness, 
two homogenous rays of different wave-length can produce 
equal blackening of the plate with equal exposure, so that they 
would be designated as photographically equally bright accord- 
ing to the above definition; and that with an alteration of the 
two rays in the same proportion, or with the alteration of the 
exposure, the two degrees of blackening would no longer be 
equal. In other words, we can assume that the relative bright- 
ness of two rays of different wave-length would be independent 
of the absolute intensity, and thus we should have a complete 
analogy to the Purkinje phenomenon arising in visual measure- 
ments. Such differences will probably only become appreciable 
in photographic measurements in cases of especially weak or 
strong impressions. Nevertheless it is desirable to secure, if pos- 
sible, entire freedom from such influences, which would first have 
to be extensively studied, as in the case of.the spectral photom- 
eter, and it is a special advantage of the photographic method 
I have employed that it makes it possible to carry out spectral- 
photometric measurements, hitherto quite tedious, not only with 
the greatest rapidity and accuracy, but also to extend them to 
fainter objects. | 

Every spectrograph whose slit-width can be changed by an 
accurately measurable amount can be directly employed for 
these observations. The observer makes a series of plates of 
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each of the sources to be compared, with different slit-widths 
and equal exposures, and then finds on measuring the spectra, 
by means of the above mentioned apparatus, the settings of 
the slit at which the two sources blacken the plate equally at 
a definite point of the spectrum. The intensity of the par- 
ticular kind of rays is then inversely proportional to these slit- 
widths. 

It is well known that in weakening the light by narrowing the 
slit, as in Vierordt’s spectral photometer, precautions must be 
taken against too narrow slits, on account of the diffraction 
effects which then arise, since these may be very serious and 
affect the brightness of the image. If we make it a condition 
that in addition to the principal image of the slit its first two 
diffraction images show fully upon its collimator objective, we 
shall obtain for the slit-width s the condition 

s> 

sin a 
where a is one half of the angular aperture of the collimator. 
In the spectrograph A used in the following measurements, 


I 
sin a = re and for A = 434 mp the condition holds: s > 0.021 mm. 


It will, therefore, always be sufficient if the slit-width with this 
apparatus is not less than 0.02mm. 

The lower limit for the slit-width having been given, as above, 
the following consideration shows that in certain cases it also has 
an upper limit. Special attention must be directed, in making 
spectral plates for photometric measurement, to keeping a defi- 
nite portion of the slit wholly filled by the light ot the celestial 
body without interruption during the whole exposure. On the 
one hand, therefore, we cannot under any circumstances make 
the slit-width greater than the focal image, and, on the other 
hand, this image must be held with extreme care at the same 
place in the slit, by means of the slow motions of the refractor. 
Both of these conditions are rendered very much easier, we may 
even say are rendered possible, by the method of following 
introduced by H.C. Vogel. By employing the light reflected 
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from the surface of the first prism one can observe, during the 
exposure, the slit faintly illuminated artificially and can con- 
stantly check with certainty whether the image of the star 
always fills the whole slit-width at the same place. 

It is clear that accurate following becomes more easy the 
greater the focal image of the body in question. It would seem 
to be entirely impossible to treat the stars in this way, but for 
them we can readily obtain with the objective-prism plates 
adapted for photometric investigations. On the plates of Mars, 
cited below, it was quite difficult to satisfy the last mentioned 
condition, since the diameter of the image of the planet’s disk 
was 0.15mm. The slit-width of 0.13mm employed for plate 
No. 62 proved to be just permissible ; it was possible to observe 
with perfect certainty that the planet’s image always filled the 
entire slit. The great focal length of the new photographic 
refractor of the Astrophysical Observatory will present great 
advantages in this respect and I hope to be able, later, to carry 
out extensive investigations with this powerful auxiliary. 

The series of measurements now to be communicated refer 
to the relative brightness of the Moon, Mars and Jupiter, and 
are intended to show how the new photometer can be used for 
spectral photometric measurements. 

The first series of plates for comparison of the spectrum of 
the Moon and Mars was made May 23, 1899, with spectrograph 
A (described in Bd. VII of the Publications of the Astrophysical 
Observatory). With unchanged focus of slit and camera I 
obtained the following plates: 


MARCH 23, 1899. 


Plate No Object Slit-width 
A 60 8» 27™ Moon 0.02 mm 
61 40 Moon 03 
62 58 Mars 13 
63 9 22 Moon 04 
64 34 Moon 05 


65 56 Mars -09 
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The six plates used for this exposure were cut from the 
same plate (13 X18cm) down to the size of 15x80 mm, and 
the plates were developed simultaneously in the same tray 
after an exposure of exactly ten minutes each; the Schréder 
refractor was used. The fine micrometer of 0.25 mm pitch 
serves for changing the slit-width of this spectrograph; the 
head being divided into 25 parts, one division corresponds to 
0.OI mm. 

On development it appeared that plates 60 and 65 were too 
faint. The measurement of the four remaining plates by means 
of the new photometer gave the following readings of the pho- 
tometer wedge: 


First measurement | | Second measurement 


No. 61 No. 62 No. 63 No. 64 | No. 61 No. 62 No. 63 | No. 64 


4485 48.2 45.6 40.7 | 37.0 50.0 45-9 40.5 37.8 
4481 52.2 47-5 44-7 41.0 52.9 48.5 44.1 39.8 
4478 48.7 45-3 40.2 36.7 49.0 45-7 40.2 37.0 
4439 49.0 44.5 41.2 37-5 49-4 43-3 41.2 37-4 
4398 51.6 44.2 43.0 39.7 50.1 44.2 41.7 38.8 
4380 52.2 46.0 42.4 40.2 51.3 45.4 42.2 40.1 
4335 51.0 46.0 43-4 40.4 51.8 46.4 43.2 40.6 
4311 63.0 53-5 52.0 48.1 64.0 54.7 51.3 47-4 
4279 52.6 47-3 44-3 41.3 51.8 47.2 | 44.1 | 41.4 


The portions of the spectrum here selected contain only fine 
lines, which disappeared entirely with the slit apertures employed, 
so that the appearance of the spectrum at this place did not 
change appreciably upon varying the slit-width. 

A glance at these figures shows at once that the blackening 
of the plate of Mars, No. 62, lies about midway between the two 
plates of the Moon, No. 61 and No. 63. If they had been equal 
to No. 61 it would follow, since the slit-width for these plates 
was in the ratio of 13 : 3, that the ratio of the brightness of Mars 
to the Moon is 3:13, or Mars would be 1.592 magnitudes 
fainter than the Moon. On the other hand, had No. 62 been 
equal to the plate of the Moon, No. 63, it would follow that 
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Mars was 1.280 magnitudes fainter than the Moon. Interpola- 
tion between these two values, taking into consideration the 
second differences given by plate No. 64, gives the following 
differences of brightness between the Moon and Mars expressed 
in magnitudes : 


A | I | II | Mean 
4485 1.50 1.50 1.50 
4481 1.42 1.47 1.44 
4478 1.49 1.51 1.50 
4439 1.44 1.39 1.42 
4398 1.34 1.40 1.37 
4380 1.44 1.43 1.44 
4335 1.42 1.43 1.42 
4311 1.35 1.41 1.38 
4279 1.43 1.44 1.44 


Since the two series of measurements were made on two dif- 
ferent days with an entirely new adjustment of the apparatus, 
any systematic differences between the readings of the wedge 
should have disclosed themselves. For this reason the two 
series were separately reduced; and we see that the greatest 
differences occurring between the two measurements is 0.06 
magnitudes. The probable error of the measurement is calcu- 
lated to be + 0.019 magnitudes. 

One difficulty of the measurements was due to the fact that 
the objective of the refractor here employed was not intended 
for photographic purposes, but is visually achromatic. The 
consequence of this is that in focusing the slit for the blue and 
violet rays, the rays were sufficiently united for only a very small 
stretch of the spectrum. At the place where the spectrum was 
broadened on account of the size of the diffraction circles and 
consequently becomes too faint, it cannot be used for photometric 
measurements. Nevertheless for plates of planetary spectra, 
the stretch of the greatest blackening in the spectrum, which is 
very short for the stars, becomes longer the greater the apparent 
diameter of the disk, on account of the superposition of the 
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spectra produced by the different parts of the planet’s disk. This 
difficulty is wholly removed in the case of the Moon, as we 
obtain the whole spectrum at a maximum of blackening, for any 
focusing of the slit. 

A second series of spectra of these two objects was obtained 
on March 25. In order, however, to extend the measurements 
to the remaining parts of the spectrum in so far as the spectro- 
graph employed permitted, a longer series of the spectra of 
Mars was obtained on this day with different focusing of the 
slit. 

MARCH 25, 1899. 


Plate number Gr. M. T. Object Slit focus Slit-width 
h. m. 

A 66 7 5 Mars 15.0mm o.1Imm 
67 18 18.0 
68 7 30 - 21.0 0.11 
69 7 43 ad 24.0 0.11 
70 8 8 27.0 0.11 
71 8 21 30.0 0.11 
74 9 26 Moon 21.0 0.02 
75 9 37 = 21.0 0.03 
76 9 48 os 21.0 0.04 


The photographs of March 25 show very clearly how the 
most intense part of the spectrum is displaced with the change 
of the focus. If, for instance, the blackening at any selected 
wave-length is measured in the above spectra of Mars, it will 
have a maximum value at a definite focus. In the following 
summary of the measurements, these values (smallest readings 
of the wedge) are indicated by heavier type; these numbers 
only represent the true intensity uf the spectrum. Here also 
the measurements were twice made independently : 
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A No. 66 | No. 67| No, 68 | No. 69 | No. 70| No. 71 | No, 74| No. 75 | No. 76 
4720 57-5 | 54-9 | §0.0 | 52.0 54-6 | 47.0 
4067 56.0 | 52.7 | 491 | 55.0 53-9 | 47.0 
4659 530 | 49.6 | 46.1 | 48.2 49.6 | 44.0 
4628 50.0 | 46.0 | 44.0] 48.2 | 62.7 | 47.1 | 42.2 
4569 44-7 | 425) 41-4 | 48.8] 59.2 | 44.9 | 39.7 
4565 47-2 | 44.6 | 43-2 | 50.3 | 60.3 | 47.0 | 40.7 
4560 45-2 | 42.6 | 42.6 | 49.7 | 60.2 | 44.6 | 39.7 
4535 59-3 | 46.6 | 44.5 | 45-5 | 52.5 | 64.0 | 47.2! 41.8 
4485 53-7 | 42.1 | | 43-2 | 53-1 | 59.4 | 44.8 | 38.6 
4481 54-2 | 44-9 | 45.0 | 46.7 62.8 | 47.7] 41.7 
4478 51-3 | 42-3 | 41-9 | 44.8 58.1 | 44.1 | 38.1 
4439 51.0 | 40.3 | 42.9 | 41.3 56.0 | 44.0 | 38.9 
4398 58.3 | 49-4 | 42-4 | 47-5 | 507 61.6 | 44.7 | 39.5 
4380 54-7 | 49-5 | 42-6 | 47.3 | 51-7 62.0 | 46.6 | 40.9 
4335 54-4 | 49-3 | 43-3 | 48.8 | 57.2 61.1 | 47.3. | 41.1 
4311 63.0 | 57.0 | 51-6 | 58.2 70 56.5 | 50.2 
4279 51.2 | 48.0] 45-7 | 54.0 65.0 | 48.5 | 42.6 
4225 55-4 | 53-4 | 55-3 55-6 | 46.8 
4197 546 | 54-6 | 59.6 57-3 | 49.0 
4194 | 51-3 | 57-9 53-6 | 46.6 
4165 53-6 | 55.1 | 61.0 53-3 | 47-5 
4146 52.8 | 55.1 57-0 | 47.1 
4144 58.6 | 61.9 63.4 | 54.2 
4120 54:0 | 57-4 54.3 | 48.4 

SECOND MEASUREMENT. 

A No. 66 | No. 67 | No. 68 | No. 69 No. 70 | No. 71| No. 74| No. 75 | No. 76 
4720 55:7 505 53-7 56.1 | 47.6 
4667 53-5 49-5 | 50.0 55-7 | 47-4 
4659 49.0 46.1 52.3 51.1 | 44.6 
4628 46.5 44.2 | 49-3 | 64.5 |) 47.8 | 41.6 
4569 45-9 | 43-3 421 63.7 | 45.0 | 39.5 
4565 48.0 | 46.1 | 44.2 65.0 | 47.4 | 42.0 
4560 45.2 | 42-5 | 43-1 61.6 | 46.7 | 39.2 
4535 47-0 | 45-2 | 45-8 73-0 | 48.9 | 41.8 
4485 41-6 | 42.2 | 42.9 62.7 | 44.0 | 38.5 
4481 45-6 | 45-5 | 48.2 68.2 | 49.9 | 42.6 
4478 41-7 | 42.6 | 44.5 61.0 | 43.8 | 38.9 
4439 ‘41.8 | 44.3 58.0 | 44.8 | 38.5 
4398 43-0 | 47-3 63.3 | 47-1 | 40.7 
4380 43-5 70.0 | 46.3 | 42.0 
4335 48.6 | 44.9 70.0 | 47.3 | 42.5 
4311 58.1 | 53-2 60.6 | 49.6 
4279 52-4 | 48.7 | 45.1 50.0 | 41.5 
4225 59-1 | 55-4 | 56.9 57-6 | 48.2 
4197 56.6 | 58.9 | 61.8 59.0 ! 50.7 
4194 52-6 | 53.2 53-7 | 46.1 
4165 57-3 | 56.2 59.9 | 51.0 
4146 54-1 56.6 | 48.4 
4144 62.6 790.0 | 55-7 
4120 54-4 58.0 | 49.6 


| 

| 

| 
| 


236 J. HARTMANN 


Graphical interpolation of these measurements now gives the 
following differences of brightness between the Moon and Mars 
expressed in magnitudes : 


A I Il Mean A I Il Mean 
4720 1.24 1.22 1.23 4398 1.29 1.23 1.26 
4667 1.21 1.20 1.20 4380 TH 1.23 1.22 
4659 1.24 1.18 1.21 4335 1.23 1.28 1.26 
4628 1.23 1.25 1.24 4311 1.18 1.22 1.20 
4569 1.22 1.26 1.24 4279 1.28 1.25 1.26 
4565 1.24 1.24 1.24 4225 1.34 1.35 1.34 
4560 1.30 1.26 1.28 4197 1.32 1.32 1.32 
4535 1.27 1.28 1.28 4194 1.32 1.37 1.34 
4485 1.24 1.31 1.28 4165 1.43 1.34 1.38 
4481 1.29 1.25 1.27 4146 1.30 1.32 1.31 
4478 1.32 1.29 1.30 4144 1.27 1.28 1,28 
4439 1.20 1.28 1.24 4120 1.40 1.29 1.34 


From the differences of the measurements the probable error 
of a setting is computed as + 0.034 magnitudes. 

In order to free these differences of apparent brightness from 
the effect of the extinction we should have to have extinction 
tables for each of the different kinds of light of the different 
wave-lengths involved. Such tables being totally lacking, I have 
derived at least fairly reliable values for the extinction of these 
kinds of rays in the following manner: the factors f with which 
the figures of the Potsdam extinction table must be multiplied in 
order to yield the extinction for the particular wave-length were 
computed from the coefficient of extinction determined by Pro- 
fessor Miiller * with the spectral photometer, for the wave-lengths 
from 680 we to 440mm and the corresponding value (0.385) from 
the Potsdam table of extinctions.* In this way the following 
table was obtained, the last, extrapolated figures of which, how- 
ever, are uncertain. 

If we now apply to the above differences of apparent bright- 
ness the extinction calculated by means of this table, the results 
of the two days of observation, which differed previously by 


™ A. N., 103, 241, 1882; and Pudlicationen des Astrophys. Obs. 8, 7. 
2 MULLER, Photometrie der Gestirne, p. 515. 
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A f Diff. 
480 wm 1.49 8 
470 1.57 10 
460 1.67 
450 1.79 14 
440 1.93 16 
430 2.09 20 
420 2.29 24 
410 2.53 28 
400 2.81 


about 0.2 magnitudes, come into.absolute agreement. The fol- 
lowing definitive values of the difference in surface brightness of 
the Moon and Mars are obtained. 


DIFFERENCE OF SURFACE BRIGHTNESS, MARS — MOON. 


A | Mar. 25 | A Mar, 23 Mar, 25 Mean. | A Mar, 25 
4720 | +1.40 4485 +1.54 +1.49 +1.52 4225 | +1.61 
4067 1.37 4481 1.48 1.48 1.48 4197 1.59 
4659 1.38 4478 1.54 1.51 1.52 4194 1.62 
4628 1.42 4439 1.46 1.46 1.46 4165 1.66 
4569 1.43 4398 1.41 1.49 1.45 4146 1.60 
4565 1.43 4380 1.48 1.45 1.46 4144 1.57 
4560 1.47 4335 1.46 1°50 1.48 4120 1.64 
4535 1.48 4311 1.43 1.44 1.44 
4279 1.49 1.51 1.50 
Mean, 4613 | +1.42 4398 +1.48 +1.48 +1.48 4170 | +1.61 


. The probable error of a measure is found to be + 0.027 mag- 
nitudes, calculated from the nine values measured on the two 
days ; as this lies precisely midway between the probable errors o 
measurement derived from repeated measures of the same plate, we 
may properly draw from this the conclusion that the plates them- 
selves are affected with only vanishingly small systematic errors 
—a conclusion which is confirmed, moreover,-by the absolute 
agreement of the two daily means for the regions from A 4485 
toA4279. The mean value for each wave-length in this region 
has therefore a probable error of + 0.014 magnitudes. The 
extreme accuracy of the result is explained by the fact that it is 
possible on a photographic plate to reproduce small differences 
of brightness by very considerable differences of blackening. I 
must distinctly state that the above figures are far from express- 
ing the limit of accuracy obtainable in this respect. 
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The above comparisons of the Moon’s light refer to the 
brightest part of the southwest quadrant of the Moon’s disk. 
Any selected point of this region was brought upon the slit, and 
since the instrument was driven by the clock on sidereal time, 
as a consequence of the lunar motion point after point was 
effective, so that the above lunar spectra represent the average 
brightness of the brightest part of the Moon’s disk. 

Having discussed the preceding observations of the bright- 
ness of Mars somewhat in detail, for the purpose of explaining 
the process of measurement, I think I may very briefly give the 
comparisons of Jupiter with the Moon, which were made in pre- 
cisely the same manner. On May 24, 1899, between 8» 45™ and 
115 18™ Gr. M.T., I photographed seven spectra of the Moon 
and Jupiter with spectrograph # attached to the Schréder refrac- 
tor. Instrument B is constructed similarly to A, but has one, 
instead of two, compound prisms. As the image of Jupiter had 
a diameter of 0.5mm, a considerably greater slit-width could be 
used than in the case of Mars. It happened that the spectrum 
of the planet taken with the slit-width of 0.125 mm was black- 
ened almost identically with one taken with the slit-width 
0.065 mm, from which would follow a difference in brightness of 
0.71 magnitudes. The accurate measurement of this and the 
other plates gave the following results : 


DIFFERENCE OF SURFACE BRIGHTNESS, JUPITER — MOON, 


Apparent dif- True difference 
A ference of Extinction of 
magnitude | magnitude 
4763 0.71 0.55 1.26 
4695 0.70 0.57 1.27 
4646 0.62 0.59 1.21 
4515 0.69 0.65 1.34 
4412 0.70 0.70 1.40 
4380 0.68 0.71 1.39 
4335 0.69 0.74 1.43 
4205 0.60 0.83 1.43 
4159 0.58 0.87 1.45 
4110 0.61 0.91 1.52 
4036 0.66 0.98 1.64 
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It must be stated that these figures are exceedingly uncer- 
tain on account of the high amount of the extinction (the altitude 
of the Moon was 15°, of Jupiter 27°); it will be several years before 
a favorable opposition of Jupiter will occur again. There is a 
marked decrease of light with decreasing wave-length both for 
Mars and Jupiter; this condition remains under any assumptions 
as to the extinction having any degree of plausibility and may 
therefore be considered as conclusive, in spite of the uncertainty 
of the extinction. A simple explanation for this would be the 
assumption that the atmospheres of these planets, like the Earth’s 
atmosphere, exert greater absorption for rays of shorter wave- 
length. | 

If we group together the differences of magnitudes found for 
the different wave-lengths, as in the case of Mars, we obtain the 
following comparison between the spectra of the two planets. 


A Mars-Moon Jupiter-Moon | Mars-Jupiter 
476-451 + 1.42 + 1.27 + 0.15 
448-428 1.48 1.41 0.07 
423-411 1.61 1.47 0.14 

Mean +0.12 


Jupiter is accordingly 0.12 magnitudes brighter than Mars in 
the blue and violet portions of the spectrum. If we reduce this 
to a mean distance from the Sun for both planets, Jupiter 
remains only 0.02 magnitudes brighter than Mars, so that the 
surface brightness of the two planets is very nearly equal. From 
this the ratio of the albedo of Mars to that of Jupiter may, there- 
fore, be calculated as 1: 11.9. 

The comparison of the relative albedo here found with the 
results of other observers is of interest. Calling the albedo of 
Mars equal to unity we get: 


1. From Professor Miller’s photometric measures of the visual 
part of the spectrum : 
Albedo of Jupiter = 2.8; 
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2. From my measures between 2476 and A411, given in this 
article : 

Albedo of Jupiter = 11.9; 

3. From Professor Lohse’s plates, mentioned above, in which, 
besides the blue and violet light measured by me, the ultra- 
violet was also effective : 

Albedo of Jupiter — 18.8. 
These figures show clearly how the albedo of Jupiter more 
and more exceeds that of Mars with decrease of wave-length. 


KGL. ASTROPHYSIKALISCHES OBSERVATORIUM, 
Potsdam. 


. 


THE VARIABLE VELOCITIES OF 8 CAPRICORNI AND 
v SAGITTARII IN THE LINE OF SIGHT. 


By W. W. CAMPBELL, 


Tue velocities of these stars were found to be variable, from the 
second plate of each. Later photographs confirm the variations. 


8 CAPRICORNI (@ = 20" 15", 5=—15" 5’). 
1898 AugustI5_ - - - - - - —5 km 
1899 Mayi5 - - - - - - —42.9 
May 30 - - . - . - —44.6 
May 30* - - - - - - —44.4 
June 8 - - - - - - - 42.4 
June 14 - - - - - —42.4 
June 26 - - - - - - —411 
July 12. - - - - —40.3 
August 12 - - - - - —37.8 
August :5** - - - - - —38.6 
September - - - - —35.2 
September 10 - - - - - —34.5 
September 25** - . - - —33.0 
September 26 - - - - - —33.8 
v SAGITTARII (@=19" 16", 5= —16° 8’). 
1896 July1 - - . - - - - — 3 km 
1899 August 23 - - - - - —31 
August 28 - - - - - - —28 
September 12 - - - - - +2 
September Ig - - - - - +10 


This is one of the “Bright 48” stars announced several 
years ago by Harvard College Observatory, and in which I 
observed a bright Ha. The Ay line is dark. The lines in the 
spectrum are difficult to identify, and are not, as a rule, well 
defined, so that the velocities assigned above may be in error a 
few kilometers. 

Lick OBSERVATORY, 

Sept. 28, 1899. 
* Measures of the same plate by Mr. Wright. 


** Measures by Mr. Wright. 
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SUGGESTIONS FOR THE DETERMINATION OF STEL- 
LAR PARALLAX BY MEANS OF PHOTOGRAPHY? 


By FRANK SCHLESINGER. 


THERE are not more than twenty-five or thirty stars whose 
parallaxes, as now known, can be relied upon within 0.05". It 
is no less than sixty years since the announcements by Bessel 
and Henderson of measurable parallaxes for 61 Cygni and for 
a Centauri; yet this branch of stellar astronomy has fallen far 
behind others of more recent origin. We know comparatively 
much of the proper motions of the stars and of their relative bril- 
liancies ; the work which has been done or is now in progress 
at Potsdam, Poulkowa, the Lick and the Yerkes Observatories 
will soon make us well informed as to the motions in the line of 
sight of most of the bright stars. 

The neglect of the important subject of stellar parallax is all 
the more surprising in view of the ready means we now have for 
its pursuit, photography and the modern heliometer. Although 
other methods may be useful in isolated cases, there can be little 
doubt that these two methods are the best for an extensive 
attack upon stellar parallaxes. It would be out of place to dis- 
cuss here the relative advantages of these two methods, but it 
may be said that while photography is not inferior in accuracy 
to the heliometer, it has much to recommend it for the work in 
view, especially on the score of economy of time. On the 
other hand, experience has shown that photographs are liable to 
peculiar errors, the means of obviating which I purpose to con- 
sider very briefly. 

The star to be examined for parallax will usually exceed 
each of the comparision stars in brightness by 6 or 7 magnitudes ; 
that is to say, it will be about 400 times as intense. Conse- 
quently on a plate which has been exposed long enough to bring 


*Read at the Third Conference of Astronomers and Astrophysicists, September 
8, 1899. 
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out the comparison stars well, the central star will be unduly 
broadened ; not only is this fatal to exact bisection, but sys- 
tematic errors are apt to creep in. Hence our first task is to cut 
out, in some way, most of the light of the central star; this 
may be done, in effect, by rendering the film less sensitive in 
the small area upon which the image of the star will fall. A 
central strip of the film may be washed with a colored fluid and 
then allowed to dry thoroughly before exposure. Experiment 
will be necessary to determine the best dye for the purpose, and 
how strong a solution will be necessary to reduce a star of given 
magnitude to say one of the ninth. 

We are brought at once to a second source of error, distortion 
of the film after exposure. Objection will be made, and with 
reason, that the process just proposed might lead to consider- 
able distortion. Consequently extra precautions will be neces- 
sary to guard against their effects. Dr. Wilsing, of Potsdam, 
has lately used the ingenious device of taking two pictures of 
the same region close together on a plate, but six months apart 
in time. Thus if there is any distortion of the film it will shift 
both pictures alike, and its effects will be eliminated from the 
parallax. We may modify this process slightly by taking two 
pictures on the same date very close together; then six months 
later two more may be taken exterior to the first two, and sep- 
arated from the latter in such a way that the three spaces 
between the four images of the same star shall be equal. By 
this means any linear distortion, no matter how violent, will 
have no effect so far as parallax is concerned. 

A third source of error is optical distortion, caused by pecul - 
iarities of the object-glass. Such errors are small and only in 
the most refined work need they be guarded against. With 
equatorials of the usual mounting, in following an object 
across the meridian, it is necessary to turn the telescope 180° 
upon both the polar and hour axes. Hence if there is any opti- 
cal distortion, its full effect will be involved with parallax, 
because photographs made at an eastern elongation of a star 
will nearly always be taken with the objective reversed 180° 
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(with respect to a configuration in the sky) from the position 
for a western elongation. A simple means for obviating any ill 
effects from this cause, is to mount the object-glass in such a 
way that it may be revolved in its own plane, around the axis 
of the telescope tube. On the latter two stops may be placed so 
that the corresponding positions of the object-glass shall differ 
by 180°. Throughout the whole series of observations the 
observer must be careful to reverse the object-glass whenever he 
reverses the telescope. In this way he will be enabled to present 
the objective in the same relative position to a configuration, no 
matter whether in the east or in the west. Optical distortion 
will then shift all the images of the same star alike, and will not 
affect the parallax. 

The last source of error which will be considered here has its 
origin in the construction of the measuring machine. It is 
hardly necessary to point out that all the measures should be 
differential ; thus, the distance between a certain pair of stars on 
any plate should always be measured with the same parts of the 
scale and of the micrometer-screw. A simple arrangement of 
the plan of measuring is possible, by which the parallax is ren- 
dered practically independent of most of the instrumental errors. 

Other precautions are necessary in parallax work, but as they 
are not peculiar to photographs they need not be discussed here. 

To sum up, the whole process is as follows: put the unex- 
posed plate into a properly constructed template and stain a nar- 
row central strip to a degree previously determined by experi- 
ment for plates of the same manufacture. Permit the plate to 
dry for several weeks at least. Then insert it in the plate- 
holder of the telescope, in such a way that the stained strip 
shall be parallel with an hour-circle. Make two pictures of the 
same region, shifting the plate a millimeter in declination 
between the two exposures. Store the plate in a dark room, 
undeveloped. Six months later, with the object-glass reversed 
180° if the telescope mounting demands it, take two more pic- 
tures on the plate. These should be 3 millimeters apart, and 
each 1 millimeter from one of the former pictures. Begin a new 
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plate by making two exposures 1 millimeter apart, and put this 
by for six months; and so on till a sufficiently long chain of 
plates is secured to give good values both for the parallax and 
for relative proper motions, with respect to the comparison stars. 

I may remark in conclusion that if we confine ourselves to 
the measurement of distances only, much simplification is pos- 
sible in the measuring machine, and some in the reductions. 
According to a conservative estimate, a single observer, work- 
ing fifteen or eighteen hours per week at the telescope, and 
employing the rest of his time in measuring and reducing, could 
give us in three or four years the parallaxes of 200 stars with an 
accuracy hitherto attained for only a score. 


UxkiaAH, CAL. 
August 29, 1899. 


THE DISTRIBUTION OF STARS IN THE CLUSTER 
MESSIER 13, IN HERCULES. 


By H. K. PALMER. 


In all drawings of the great cluster in Hercules which were 
made prior to the introduction of photographie processes into 
astronomy, no attempt is made to plat accurately the places of 
individual stars, the observers having contented themselves with 
representing the general appearance of the cluster. Accurate 
charting, and a study of the distribution of the stars in such 
objects, first became possible with the aid of the photographic 
plate. Excellent photographs of the Hercules cluster have been 
made by the Henry brothers, Dr. Roberts, Mr. W. E. Wilson, 
and others, and with the 36-inch refractor of the Lick Observa- 
tory. Some of these have been reproduced in popular journals. 
Among the researches based on photographic methods is espe- 
cially to be mentioned the elaborate investigation Of Professor 
Scheiner,’ in which the positions of 833 stars are determined 
with all possible precision and arranged in the form of a cata- 
logue. 

In the course of the photographic work with the Crossley 
reflector, which is being carried on by Professor Keeler with my 
assistance, the Hercules cluster was photographed four times, in 
June and July of the present year, with exposures ranging from 
ten minutes to two hours. The large scale of the negatives, the 
great light-gathering power and fine definition of the mirror, the 
purity of the sky and steadiness of the images at the time of 
observation, all combined to make these photographs of unusual 
excellence. The plate to which the very full exposure of two 
hours was given is the best. It was very lightly developed ; 
with the result that the images of the brighter stars did not 
become too large and dense to obscure the multitude of minute 
stars which was brought out by the long exposure, while even 


' Abh. d. K. Akad. d. W. Berlin, 1892. 
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the middle of the cluster is resolvable. The number of stars 
shown on this plate, fairly within the limits of the cluster, is over 
five thousand. 

In view of the large number of stars shown on this photo- 
graph, an investigation of their distribution seemed to be desira- 
ble, and at Professor Keeler’s suggestion I have undertaken this 
work in the present paper. An accurate determination of the 
places of all stars, such as was made by Scheiner, would also be 
very desirable, but it would require more time and labor than can 
at present be devoted to such a purpose. 

To study the distribution of the stars in the cluster, a posi- 
tive on glass, with an enlargement of 5.6 diameters, was made 
from the original negative. On the positive the cluster occu- 
pies the center of a rectangle which measures 192mm east and 
west, and 241 mm north and south. The rings, which are referred 
to farther below, were traced in red ink on a clear plate of the 
same size as the enlargement, and the two plates were then bound 
together with their films in contact. 

The focal length of the Crossley reflector is 17 feet 6.1 inches, 
so that on the original negative 1’ = 0.061104 inch, or 1.55mm. 
On the enlargement 1'=8.79mm. The average star disk is 3.5" 
in diameter, the brightest being about 4" and the faintest 3’. 

The primary object of this examination was to compare the . 
actual distribution of the stars with the distribution of stars 
in a uniform globular cluster; by which I mean a globular clus- 
ter in which the stars are uniformly distributed. To make this 
as simple as possible, the sphere was supposed to contain several 
concentric cylinders, whose volumes within its surface were in the 
ratio I, 2, 3....,#, and whoseaxis was parallel to the line of 
sight. Therefore, when projected on a plane perpendicular to the 
line of sight, the cluster would appear to be divided into several 
concentric rings, and if it were uniformly globular, each ring 
would contain an equal number of stars. The radii of these 
cylinders were obtained from the formula 


4 4 4 
a—7T R= —7 
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in which & is the radius of the sphere, 7 the radius of the cylin- 
der, and z the ratio of the volume of the cylinder to that of the 
sphere. The limits of the cluster were very indefinite; so the 
radius of the sphere was assumed to be 80mm on the enlarge- 
ment, which corresponded to an angular distance of 9.2’. This 
seemed to include al] stars which were so arranged as to come 
within the limits of a globular structure, and at the same time 
excluded those which had only a radial arrangement. This cir- 
cle of 80mm radius was then divided into eight rings, the radius 
of the different circles being as follows: 


Circle Radius of arc Diameter 
I 23.0mm 2.7" 5.4 
2 33.2 3.8 7.6 
3 41.4 4.8 9-6 
4 48.6 5.6 
5 55-4 6.4 12.8 
6 62.2 7.2 14.4 
7 69.2 8.0 16.0 
8 80.0 g.2 18.4 
Width of plate 22.2 
Length of plate 27.8 


Since the stars outside the last circle forming the rays seemed 
to belong to the cluster, and as these rays extended to the edge 
of the plate, the dimensions of the plate have been included. 
To facilitate the counting, and to see if there was any particular 
radial structure, the circles were divided into twelve sectors of 
30° each. 

In a general way it may be said that the stars in the Hercules 
cluster are of two distinct orders of brightness; for although 
intermediate magnitudes occur, they are less numerous than we 
should expect them to be in a purely fortuitous assemblage of 
stars of different sizes. 

In counting, the number of faint stars was kept separate from 
that of the bright stars. The term “bright” was applied to all 
stars which, in the positive, showed clear glass, while the ‘“ faint’’ 
stars were those which contained visible silver grains. A com- 
parison of several stars, which were just on the dividing line, 
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with Dr. Scheiner’s chart,’ showed the point of division to be 
about 13.5 magnitude. 

The number of stars on the entire plate is 5482, of which 1016 
are classed as bright and 4466 as faint. The number in each 
ring is given below. The first column gives the number of the 
ring, 1 referring to the inner and 8 to the outer ring, while 
the term ‘‘outside”’ refers to the region between the last circle 
and the edge of the plate. The second column gives the number 
of bright stars, the third the number of faint stars, the fourth the 
sum of the second and third, and the fifth the ratio of bright to 
faint stars. 


Ring Bright stars Faint stars All stars Ratio 4:7 
I 551 580 1131 I: 1.05 
2 148 671 819 I: 4.53 
3 100 714 814 I: 7.14 
4 43 623 666 1314.5 
5 29 504 533 1:17.4 
6 25 398 423 1:15.9 ‘ 
7 22 279 301 1:12.7 
8 27 306 333 1: 14.3 
Outside 71 391 462 I: 5.5 
Total 1016 4466 5482 I: 4.40 


Fig. 1 shows the second, third and fourth columns graphi- 
cally. In this figure the ordinates represent the number of stars, 
and the abscissae the distances from the center of the cluster. 
The upper curve represents the whole number of stars, the 
middle one the faint stars, and the lowest one the bright stars. 
The number in the region outside the last ring has been divided 
by four because the area of that portion of the plate is four times 
that of the last ring and the stars are distributed quite evenly 
throughout. 

From the manner in which the size of the rings was deter- 
mined we should expect to find the same number of stars in each 
ring, if the cluster had a globular form in which the stars were 
distributed evenly throughout. In the center of the cluster, 
where the depth is much greater, we should expect to find, in a 

* Abh. d. K. Akad, d. W. Berlin, Berlin, 1892, p. 57. 
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dense cluster like this, that many of the stars would be occulted 
by those in front, and only if we had star images of an infinites- 
imal size could we hope to see all of them. Since the size of 


20- 


Fig. 2 


the average star disk is 3.5", stars 2" apart would hardly be 
resolvable, though the elongation of the disk would be apprecia- 
ble. From this consideration and on the hypothesis of uniform 
distribution, we should expect to find fewer stars in the first ring 
than in the outer rings, but the number of both bright and faint 
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stars found in the different rings shows that it is exactly the 
reverse, the number decreasing very rapidly as the distance from 
the center increases. This is especially true of the bright stars, 
there being only about one fourth as many in the second ring as 
in the first. Had the inner ring been divided into two, the same 
general distribution would have been exhibited. Within a dis- 
tance of 1.5’ of the center, the stars are crowded so close 
together that they are just resolvable. Within this region no 
faint stars are visible, and it is only at some distance from the 
center that they reach their maximum. It cannot be doubted, 
however, that the faint stars, also, increase rapidly in number 
toward the center of the cluster. 

This distribution of the bright stars easily accounts for the 
various sizes given to the cluster by various observers with 
instruments of different power. Messier’ gives the diameter as 
3',—-the diameter of the region within which the stars are so 
close together as to be hardly resolvable. Herschel* says of it, 
‘The stars belonging to this cluster extend to 8’ or g’ in diam- 
eter; the most compressed part about 2’ or 24%’; the latter is 
round, the former irregular.’ His outer limits would fall within 
the third ring, and as the faint stars were probably invisible to 
him, he placed the limit where the number of stars becomes 
almost constant. Schoenfeld} made the diameter 6’ or more, 
putting the limits within the second ring. Scheiner*+ and 
TrouvelotS both make the diameter about 13', or about the 
limit of the fifth ring. At these limits Scheiner records only a 
few scattered stars, while Trouvelot shows only the rays of bright 
and faint stars. Other photographs, taken by the brothers 
Henry, and with the 36-inch refractor of this Observatory, show 
about the same amount. Roberts’® photograph shows the cluster 


* Mém. de l’ Acad. des Sciences, 1771, p. 441. 

? Phil. Trans., 1818, p. 439. 

3 Beobachtungen von Nebelflecken und Sternhaufen, Mannheim 1862 and 1875. 
Abh. d. K. Akad. 4. W. Berlin, 1892, p. 

5 Annals H. C. O., 8. 

® Photographs of Stars, Star Clusters and Nebulae, p. 93. 
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extending to about the distance of the outer ring, a diameter 
of 18’. 

Outside the second ring the bright stars are grouped in rays, 
but it is only in the last two rings, at a distance of 8’ from the 
center, that we find the faint stars so arranged. Fig. 1 shows 
that the number of faint stars reaches its first minimum in the 
seventh ring, and it is about there that they are first found grouped 
more densely than elsewhere about the rays of bright stars. 
Outside the last ring the number of faint stars decreases rapidly, 
while the number of bright stars remains almost constant. Fig. 2 
shows graphically the ratio of faint to the bright ‘one 
increases from almost unity in the first ring to 17.4 in the fifth 
ring and from there decreases to 5.5 outside the outer ring. 

The rays of stars do not extend straight out from the center 
of the cluster, but curve, so that the distribution by sectors is 
not appreciably affected by them. The number of stars in the 
different sectors shows that they are distributed quite uniformly 
about the center. 

In the center, where the stars are so closely packed together, 
we should naturally expect to find that the faint stars would be 
hidden by the bright ones, and that where there are several faint 
stars scattered among the bright ones so thickly that the dis- 
tances between them hardly exceeds 1", the bright stars would 
appear nebulous. This easily accounts for the nebulous appear- 
ance of the bright stars, and also for the apparent absence of 
faint stars in the center, where we have, instead, a continuous 
nebulous background. Just outside this dense region we find 
what appear to be wisps of nebulosity, resembling a row of faint 
stars too close to be €asily separated. As we go further from 
the center we find that the stars begin to show resolution, and in 
the second ring there is nothing to suggest nebulosity. On care- 
fully examining the negative, as well as the enlargement, neither 
Professor Keeler nor I could find any proof of true nebulosity in 
this cluster, and the same statement holds for other globular 
clusters that have been photographed with the Crossley tele- 
scope. The nebulous appearance seems to be entirely due to the 
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minute stars, which become more and more closely crowded 
together toward the center of the cluster, until their disks 
coalesce on the photograph to form a nearly continuous back- 
ground. 

As the globular clusters have always been regarded as nebu- 
lous, this seems to be a point of some importance. The star 
disks as seen with the 36-inch refractor are much smaller than 
those obtained photographically with any instrument, while with 
the great light gathering power of the 36-inch objective the 
smallest stars of the cluster can be steadily seen. Accordingly, 
a careful examination of the cluster, in which several of the 
astronomers of the Observatory took part, was made on the night 
of August 5. At first sight, the cluster had a decidedly nebu- 
lous aspect; but on fixing the attention on any small space 
among the brighter stars, the separate minute points of light came 
into view, on a background which seemed to be free from nebu- 
losity. Thus the visual observations led to the same conclusion 
as the photographic. We do not, of course, assert that there is 
no nebulosity in this cluster, or in others of similar character, 
but we think that the existence of nebulosity has not yet been 
proved. 

The wisps of nebulosity which have been referred to, are also 
apparently due to the grouping of the faint star disks. Only six 
instances were noted (on the enlargement) where the number of 
stars composing these apparent wisps was doubtful. These were 
not connected with any of the bright stars, nor with the central 
mass of the cluster, but seemed to be isolated, though all were 
within the first ring. None were so long as to have required for 
their formation more than six or seven close stars, and some 
could have been formed by three or at the most four. In so 
large a number of stars, gathered within so small a space, the 
law of probabilities would require that in a few instances enough 
stars would be situated sufficiently close together to form these 
“‘wisps.”” The ‘prominence forms” described by Ranyard* are 
obviously of the same character. 

' Knowledge, 16, 90, 109. 


254 K. PALMER 


The three dark lanes discovered by Lord Rosse, as well as 
several others around the most compressed part of the cluster, 
are easily seen on this photograph. Professor Holden* speaks 
of these lanes as being regions which contain no stars, and 
bounded by one or two lines of bright stars. He counted thir- 
teen points at which two or three of these lanes intersected, and 
suggested that they might be considered as centers of force. In 
all but two of these lanes— one, the largest of the three dis- 
covered by Lord Rosse, and the other, at quite a distance from 
the center of the cluster—from five to fifteen faint stars could 
be counted. A photograph which would not show a star of the 
fourteenth magnitude would probably show these lanes entirely 
empty of stars, but when the faint stars become visible the effect 
is that of gaps between the bright stars only. It is within these 
lanes that the faint stars can be seen nearest the center, showing 
that they probably exist in the center but are concealed by the 
bright stars. 

The distribution of the bright stars is marked by the exist- 
ence of these dark lanes and by the rays, while the arrangement 
of the faint stars is much more nearly globular. 


Lick OBSERVATORY. 
September 1899. 
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THE PERIODS OF THE VARIABLE STARS IN THE 
CLUSTER MESSIER 5." 


By S. I. BAILEY. 


Tue cluster Messier 5 (N. G. C. 5904) contains about 900 
stars on the photographs made with the 13-inch Boyden refrac- 
tor. Of these about eighty-five, or one in eleven, are variable. 

The period and light-curve of No. 18 were determined in 
1896 by Professor E. C. Pickering. (See A. N., 140, 285.) The 
periods of Nos. 1, 42, and 84 were determined in 1898 by Pro- 
fessor E. E. Barnard, from visual observations with the great 
Yerkes refractor. These periods are confirined by the Harvard 
photographs. (See A. W., 147, 243.) 

Measures of sixty-three of these variables had been made on 
nearly one hundred plates, by Miss E. F. Leland and myself, 
when I left Cambridge in March of the present year. From a 
study of these measures the periods of about forty stars have 
been determined. The results are given in the following table, 
which gives in successive columns the star number, the period, 
the residual obtained by subtracting the mean period from each, 
the maximum and minimum magnitudes, the range, and the 
distance, to the nearest minute of arc, from the center of the 
cluster. 

The star numbers were assigned in order of discovery and 
bear no relation to the positions of the variables. The periods 
are here given to the nearest thousandth of a day. It is believed 
that few, if any, of them are in error more than five ten thou- 
sandths of a day (seven tenths of a minute). A few of them 
have been determined to within one or two seconds. No. 42, 
which is the brightest star in the cluster, and which has a period 
of 25.75%, has not been included inthis discussion. In length of 
period it appears to belong to a different class, though the form 
of light-curve is similar to that of the others. No. 50 also 


* Read at the Third Conference of Astronomers and Astrophysicists, Sept. 6, 1899. 
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appears from the photographs to have a period of a month or 
more, as was observed visually by Professor Barnard. No other 
variable, whose period has been found, is omitted from the table. 
Although the present study is provisional and includes only 
about half the variables, the general results should not be mate- 
rially altered by later more elaborate investigations. 


TABLE I. 

Var. St. No. Period Resid. Max. Min. Range Dist. 
I 0.5224 — 4 13.6 14.6 1.0 */ 
2 0.526 te) 13.5 14.6 I.I 6 
3 0.600 + 74 13.9 14.7 0.8 3 
4 0.450 -- 76 13.5 14.7 12 I 
5 0.547 + 21 13.5 14.8 1.3 I 
6 0.549 + 23 13.6 14.4 0.8 I 
7 0.495 —i 13.5 14.9 1.4 3 
8 0.546 + 20 13.6 14.7 I.1 3 
9 0.699 +173 13.8 14.8 1.0 3 
10 0.531 + 5 13.6 14-7 1.1} 7 
II 0.596 | + 70 13.5 14.5 1.0 3 
12 0.468 — 58 13.5 14.8 1.3 3 
13 0.513 — 13 13.4 14.6 1.2 I 
14 0.487 — 39 3.7 14.7 1.0 3 
16 0.565 + 39 13.4 14.7 1.3 2 
18 0.464 — 62 13.6 14.8 1.2 3 
19 0.470 — 56 13.5 14.9 1.4 5 

20 0.609 ba 83 13.6 14.5 0.9 4 
21 0.605 79 13.8 14.6 0.8 6 
24 0.478 — 48 13.6 14.8 1.2 I 
26 0.624 + 98 13.5 14.8 1.3 2 
27 0.471 — 55 13.5 14.9 1.4 I 
28 0.544 + 18 13.8 14.9 1.1 3 
29 0.451 | — 75 13.7 14.8 sit 6 
30 0.593 # + 67 13.9 14.8 0.9 4 
32 0.458 — 68 13.5 14.8 1.3 4 
33 0.501 — 25 13.7 14.8 tz 2 
34 0.568 + 42 13.5 14.7 ‘2 2 
37 0.489 maa 13.5 14.9 1.4 I 
38 0.470 — 56 13.7 14.8 I.1 2 
39 0.589 | + 63 13.5 14.7 1.2 4 
41 0.488 — 38 13.6 14.9 1.3 4 
47 0.540 ~#| + 14 13.6 14.9 1.3 2 
52 0.502 — 24 13.7 14.5 0.8 2 
54 0.453 ~ ¥3 13.5 14.8 1.3 I 
55 0.491 ame 13.9 14.6 0.7 3 
58 0.492 | — 34 13.5 14.8 1.3 II 
59 0.542 + 16 13.5 14.7 1.2 3 
61 0.569 + 43 13.6 14.8 1.2 4 
63 0.498 — 28 13.6 14.8 1.2 5 


Mean period 0.526". 
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A brief examination of the above table will disclose a strik- 
ing similarity among all these variables, not only in regard to 
length of period, but in magnitude and range of variation. The 
same is true of the form of the light-curve, as may be seen by 
reference to the figures, where are given drawings of the curves 
of the first eight variables in the group. 

Of the forty variables given in the table, No. 9 has the long- 


est period, 0.699% = 16" 46.6". This is an exceptional case how- 

ever, for, aside from this star, the maximum period is that of 
No. 26, 0.6244— 14 58.6". The minimum period is that of No. 
4, 0.450710" 48.0". Omitting No. 9, the extreme range is 

only 0.1744-=4" 10.6". The mean period is 0.5264 12" 37.4", 

and the mean residual, 0.047°==1" 7.7". The greatest deviation 

from the mean (after No. 9, which is 4° 9.2™) is No. 26, 0.0984 
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This remarkable tendency to equality in the length of the 
periods is matched by the similarity of the magnitudes. At 
maximum they range between 13.4 and 13.9, and at minimum 
between 14.5 and 14.9. The range of variation is between 0.7 
and 1.4 magnitudes. Even these differences may be partially 
accounted for by the difficulties of measurement and the prox- 
imity of very close companions. 

This uniformity of period, magnitude, and light-curve, among 
so many variables associated in the same cluster, points unmis- 
takably to a common origin and cause of variability. Perhaps 
at one time the periods were precisely equal, but if so, the per- 
turbations which have caused the present divergence have, 
apparently, no relation to the star’s distance from the center of 
the cluster. If we group the stars according to the residuals 
given in the third column of the table, placing in the first group 
those stars whose residuals are between 0 and +0.025%, in the 
second, those from +0.0264 to +0.050%, in the third, from 
+0.0517 to +0.075%, and in the fourth all greater, the mean 
distances of the groups from the center are respectively 2.7’, 
3.4’, 3.0’, and 3.6’. Grouped by positive and negative residu- 
als the result is much the same. 

In the great cluster w Centauri, in which I have determined 
the periods and light-curves of over 100 variables, no such uni- 
formity was found. (See H. C. O. Circular No. 33.) 

For the more exact determination of the form of light-curve 
a few of these variables in Messter 5 have been studied with spe- 
cial care. Two of these are represented on page 259. These 
periods are correct within 2°. The black dots represent the 
individual measures, and a smooth curve has been drawn through 
these which probably well represents the photographic light- 
curve. A few of the residuals, from measures on poor plates, 
are rather large, but these could be much reduced by repeating 
the measures once or twice. These stars well represent what 
may be called the Cluster Type of variables. A large number of 
variables in Centauri are of this type and, so far as known at 
present, all the variables in Messier 5. The most striking feature 
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is the extremely rapid increase of light. As yet the photographs 
have not made clear just how rapid this increase is, since in 
the 13-inch refractor an exposure of nearly an hour is necessary 
to show these stars when at minimum. No. 7 furnishes, how- 
ever, some interesting data. 

Plate X 8544 was taken May 13,1897. Exposure 50". The 
star was at a minimum. The mean time of exposure, which is 
taken in all cases as the time of observation, was /. D. 
2414058.849. By the formula used the maximum of the star 


WS Corer te 33. 
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occurred at /. D. 2414058.874, or 36™ later. But in order that 
the photographic magnitude should be at a minimum the star 
must have remained at minimum till near the end of the expos- 
ure, which closed 11™ before the computed maximum. On May 
26, X 8586 was taken with exposure of 58". The star was at 
maximum. The mean time of exposure was J. D. 2414071.742, 
the computed maximum 7™ later. Hence the exposure began 
36™ before the computed maximum. These two measures are 
marked on the chart by arrows. Interpreted literally, these 
results indicate that the star on the first date remained at 
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minimum till within 11" of the computed maximum, and on the 
second date that it had reached maximum 36™ before the time 
of the computed maximum. A study of the star on numerous 
plates covering two years and fifteen hundred periods shows no 
change in the star’s mean period. The most obvious conclusion 
would seem to be that the maximum phase is subject to small 
changes, either in time or rapidity, which do not affect the star’s 
period as a whole. Another possible explanation would be that 
the last part of the first exposure and the first part of the second 
were more or less interrupted by clouds or haze. This, in con- 
nection with small errors in the measures would account for the 
facts if we grant that the greater part of the increase took place 
within a very few minutes. 

The exact time of this increase could best be determined 
visually, with a telescope ot the largest size, and may already 
have been accomplished by Professor Barnard, who has under- 
taken to investigate it. The form of the photographic light- 
curve is well shown by the two drawings in question. The 
decrease is rapid, but not nearly so rapid as the increase. It is 
doubtful if there is any duration of maximum, and at any rate 
it is exceedingly brief. At minimum the brightness appears to 
remain nearly or quite constant for a few hours. The whole 
period may be divided as follows: 


Duration of maximum phase - - - - - 0 per cent. 

Duration of minimum phase - - - - 40 per cent. 

Duration of decreasing phase - - - - - 50 per cent. 

Duration of increasing phase - - . - 10 per cent, 
100 


AREQUIPA, PERU, 
May 20, 1899. 


NOTE ON THE RELATION BETWEEN THE VISUAL 
AND PHOTOGRAPHIC LIGHT CURVES OF VARI- 
ABLE STARS OF SHORT PERIOD. 


By S. I. BAILEY. 


Wir a visual telescope of sufficient power a series of fre- 
quent observations of a variable star will give the true form of 
its light-curve, since each observation consumes so little time 
that it is not affected by the star’s variability. 

If we had a photographic telescope of sufficient power, so that 
the necessary time of exposure would bear an inappreciable ratio 
to any change of phase, the same would be true of the photo- 
graphic observations; and the two curves should agree, except 
in so far as photographic magnitudes differ from visual. In the 
case of most long-period variables these conditions are approxi- 
mately fulfilled. Certain short-period variables, however, notably 
those belonging to dense clusters, are so faint, and go through 
their changes, especially the increase of light, so rapidly, that 
the necessary exposure bears a very large ratio to the duration 
of any phase, and important modifications in the form of the 
light-curve follow. There are other modifications which depend 
on the essential difference between visual and photographic mag- 
nitudes, and on the nature of the plates employed, but in what 
follows, only those changes are considered which are related to 
the duration of the photographic exposure. 

When the light of a star is changing at a uniform rate and in 
the same direction we may assume, as in general approximately 
true, that the measured magnitude on the photograph will repre- 
sent the actual photographic magnitude at the mean time of 
exposure. The photograph thus becomes a single observation, 
whatever may have been the duration of the exposure. It is 
obvious, however, that sharp changes in the light of a variable 
will not be well registered on photographs of relatively long 


exposure. Let us assume a light-curve, where the increase and 
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decrease are rapid, and equally so, and the duration of maximum 
very brief, as illustrated in Diagram 1, where the complete change 
from minimum through maximum to minimum again, represented 
by the horizontal distance A B, takes place in two units of time, 
a single unit, represented by the heavy line below the curve, 
being the necessary time of exposure. It is obvious that no 
exposure, preceding maximum, which is finished later than 
A, or after maximum, which begins earlier than 4, will record 
a complete minimum. So that, for example, the magnitude 


Diagqeam 


Dieqrare 2- 
o oF to 20 30 Se 
4 
ito 
Iso 


of the variable, measured on photographs whose mean times 
of exposure are at A and &, will not agree with the true 
curve but will fall above. It is also plain from an inspection of 
the curve that no photograph of the required exposure will 
directly give the true maximum, but that the photograph whose 
mean time of exposure is coincident with the true time of maxi- 
mum will also give the photographic maximum which, however, 
cannot equal the actual, but will fall somewhere below. The 
light-curve resulting from photographs of such exposure will be 
approximately represented by the broken line. Inversely, the 
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same would be true of a brief minimum, so that the tendency 
of photographs is to smooth down the curve, reducing the 
star’s apparent range of variation. The limit of this action is 
reached when the exposure equals the period of the star’s varia- 
bility, under which circumstances the curve becomes a straight 
line, which may be regarded as the light-curve of an invariable 
star. 

In the above case, the photographed maximum and actual 
maximum are synchronous. In the case, actually true with 
most short-period variables where the increase and decrease are 
of different rapidity, the results are different. In Diagram 2 
is represented the actual photographic light-curve of the variable 
No. 7, Messier 5, with the exception of that part between A and 
B, where the increase of the light has, for convenience, been 
represented as taking place instantaneously. Assuming this to 
be the true photographic light-curve, it is obvious that in order 
to represent the variable at a complete minimum the photo- 
graphic exposure must close before the beginning of the maxi- 
mum phase. Also, the photograph whose mean time of exposure 
is at the beginning of maximum will have the first half of its — 
exposure at minimum and will record the variable as of less than 
maximum brightness, while that photograph will record the 
maximum, possible from such photographs, whose exposure 
begins at the beginning of maximum. The Harvard photographs 
of Messier 5 have had exposures of about 0.044 (= about 1°). 
With this exposure and the assumed light-curve, the photograph 
beginning an hour before maximum would record the variable at 
minimum, magnitude 14.85, and following photographs beginning 
at intervals each fifteen minutes later than the preceding would 
give respectively the magnitudes 14.33, 13.98, 13.71 and 13.55 
approximately. These results are represented by the heavy 
broken line. If, with the same variable, we use exposures of 0.124 
(about three hours) the resulting curve is represented by the 
less heavy broken line. The first of these is interesting, since it 
agrees pretty closely with the light-curve of No. 7, as derived 
from the Harvard photographs. In such a case the retardation 
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of the photographed maximum from that of the actual photo- 
graphic maximum (which in general agrees with the visual) 
equals one half the time of exposure. This retardation of the 
photographed maximum will be true, in a less degree, whenever 
the increase of light is more rapid than the decrease, even if not 
abrupt as represented in the diagram. If the increase is less 
rapid than the decrease the photographed maximum will pre- 
cede the actual. In general the difference in time between the 
photographed maximum {or minimum) and the actual, is a 
variable which has zero for a limit as the length of the exposure 


Dragrane 3. 


is reduced. Evidently a large telescope and very sensitive plates 
are desirable. 

Probably the shortest period known at present is that of No. 
gi, in » Centauri, which is 6" 11™. It seems not improbable, 
however, that much shorter periods may be found, so that 
this relation of the exposure to the period becomes still more 
important. For example, to photograph the faintest stars of 
many faint clusters with the 13-inch Boyden refractor requires an 
exposure of two hours. Evidently variable stars with periods of 
two hours could never be studied on such photographs, since 
each exposure, whenever begun, would record the mean light of 
the star, a quantity interesting in itself, but which would give no 
key to the star’s variations. Evidently the best remedy would 
be a larger telescope, or a more sensitive plate, or both. If 
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these are not obtainable, something may still be done by increas- 
ing the length of the exposure. 

Let us assume the case of a variable star having a period of 
two hours, but so faint that two hours is the minimum exposure 
possible. Then, since nothing can be learned by photographs 
of two hours’ exposure, let a series of photographs be taken at 
intervals of fifteen minutes, and having exposures of three hours. 
In Diagram 3 is represented the light-curve of variable No. 7, 
Messier 5. The period is here assumed to be two hours. Let 
exposures of three hours be begun at a, 4, ¢, etc., and the result- 
ing magnitudes, plotted at the mean times of exposure, be a’, 6’, 
c’, etc. The mean light of the star, derived from an exposure 
of two hours, is approximately 14.37. Uniting with this the 
additional light received during the third hour of exposure, we 
have for the different photographs the approximate magnitudes 
14.47, 14.35, 14.28, 14.25, 14.29, 14.37, 14.45, 14.49. These 
results are represented by the broken line. 

In such a case, unless the range of variation were large, the 
practical difficulties would be very great. 

In the study of variable stars, as in many other branches of 
astronomy, photographic methods offer certain advantages over 
visual, but in all cases of photographic light-curves the duration 
of the exposures employed should be taken into consideration. 


AREQUIPA, PERU, 
June 10, 1899. 


THE ANNULAR NEBULA A/V. 13 IN CYGNUS. 


By JAMES E. KEELER. 


Or the four annular nebulae known to the Herschels, only 
two are (easily) visible in the United States and Europe. One 
of these, the ring nebula in Lyra, has been described, drawn 
and photographed many times.‘ The other, H /V. 13, or G. C. 
4565, in Cygnus, appears to have been very little observed, 
doubtless on account of its faintness and small size. Sir John 
Herschel’s? drawing represents it as a faint, nearly circular ring. 
No stars are shown in or near the nebula. Lord Rosse’s? draw- 
ing gives a little more detail—in particular the gradual fading 
away of the nebulosity, inside the ring, toward the center. In 
the description a conspicuous star (14.5 mag.) is mentioned as 
occurring on the inner edge of the ring, and another, more diffi- 
cult, near this on the outer edge. No other drawings have been 
made, so far as I know, and I have found no record of any 
photographic observations whatever. 

In the course of the systematic observations of nebulae now 
being made with the Crossley reflector, the Cygnus nebula was 
photographed on the nights of August 9 and August 10, 1899, 
with exposures of one and two hours respectively. On both 
occasions the sky was brilliantly clear, and the seeing good. 
From the negative of August 10, which is somewhat better than 
the other, a glass positive was made with an enlargement of 10.9 
diameters, and as no magnifier was required for its examination, 
it was more convenient for some purposes than the original 
negative. 

The nebula, as shown by the photograph, is an elliptical, 


*For an account of photographs made with the Crossley reflector, see this 
JOURNAL, 10, 193, October 1899. 
2 Phil. Trans., 1833. Plate XIII, Fig. 48. 


3 Observations of Nebulae and Clusters of Stars, Plate V. 
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nearly circular ring, not quite regular in outline, pretty sharply 
defined at the outer edge. The outside dimensions are :* 


Major axis - - 42.5" 
Minor axis - - - - - 40.5" 
Position angle of major axis - - 33° 


The interior diameter cannot be given accurately, since 
the ring fades quite gradually toward the center. It is roughly 
. 

Lord Rosse’s star on the inner edge of the ring is very con- 
spicuous, but his second star does not appear. There is, however, 
(as I had confidently expected), a nucleus, or star, exactly in 
the center of the ring. It is very conspicuous on the photo- 
graph, but visual examination with the 36-inch refractor showed 
that it is at the very limit of visibility with that instrument; in 
fact neither Mr. Aitken nor I could be certain that we saw it. 
It cannot be brighter therefore, than the sixteenth magnitude. 
Lord Rosse’s star was easily seen at the same time, and its 
magnitude estimated as 14.5. 

From a few places inside the ring, rays of nebulosity, slightly 
brighter than the background, extend part way toward the center 
like imperfect spokes. The brightest of these is in position 
angle go°, measured from the central star. 

The whole neighborhood of the nebula is rich in stars, and 
on the plate many small stars occur quite close to the ring. 
The positions of seven of these, referred to the central star, 
were measured on the negative of August 10, by Mr. Palmer, 
with the Observatory measuring engine, and checked by my own 
measurements of the positive enlargement. The magnitudes 
were determined roughly with the aid of a curve obtained from 
measurements of the star disks. The results, which are given 
below, will permit any possible proper motion of the nebula to 
be detected in the future. 

*In the second observation of Sir John Herschel’s catalogue the estimated 


diameter is given as 15’, perhaps a misprint for 1.5’. This error has found its way 
into some popular books. 
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Star Mag. Pos. Angle Dist. 
a 17.5 57.6" 
b 20 52.1 
19 149.6 43-3 
a 18 216.1 36.9 
e 16.5 278.8 24.0 
14.5 330.0 11.2 
g 15.0 348.1 32.2 


The star fis the one on the ring, described by Lord Rosse. 
There is no evidence that it is physically connected with the 
nebula, and its position on the ring is probably accidental. The 
central star, on the other hand, is undoubtedly a real nucleus. 

The spectrum of the nebula has, I think, never been 
determined. On one night I looked at the nebula through a 45° 
prism held in front of a I inch eyepiece on the Crossley reflector, 
and saw what appeared to be a monochromatic image of the 
nebula, corresponding probably to the line A 5007; but with the 
low dispersion used I am not certain that I could distinguish 
between a monochromatic image and the slightly blurred image 
which would result from a short continuous spectrum. An 
investigation of the spectrum will be made later, by photography. 


LIcK OBSERVATORY, 
September 1899. 


ON THE EFFECT OF PRESSURE UPON THE WAVE- 
LENGTHS OF THE LINES OF THE HYDROGEN 
SPECTRUM.' 

By J. WILSING. 


In my paper on “ The Interpretation of the Typical Spectrum 
of New Stars,’ published in the Sitsungsberichte of the Academy 
for May 4 of this year,? I communicated the results of experi- 
ments which very clearly confirmed the effect of the pressure of 
the vapor on the wave-length of lines of metallic spectra discov- 
ered by Humphreys and Mohler. I there availed myself of the 
disruptive discharge between metallic electrodes in water, which 
occurred with explosive violence, and caused a rise of several 
hundred atmospheres in the pressure of the spark. In conse- 
quence of this there resulted in case of most lines an increase of 
wave-length associated with broadening, which amounted in 
some instances to several hundredths of a tenth-meter. The 
following experiments now show that also the lines of the hydro- 
gen spectrum similarly undergo an appreciable displacement 
toward the red on increase of pressure. 

I have already indicated in the paper cited that the disturb- 
ing broadening and poor definition of the hydrogen lines with 
increasing pressure occur only when the temperature of the 
discharge simultaneously increases, and that it might therefore be 
possible to make exact determinations of the wave-lengths if at 
the same time provision was made for keeping down the poten- 
tial by decreasing the distance between the electrodes. I was 
thus able by measuring spectrograms of the ‘‘ second ” hydrogen 
spectrum at atmospheric pressure to make it seem likely that 
appreciable displacements of.certain lines do actually occur in 
the direction indicated, but on account of the slight difference 
of pressure a final conclusion could not be reached. 


'Siteungsherichte der Akademie der Wissenschaften zu Berlin. Joint session on 
July 27, 1899. 
? This JOURNAL, 10, 113, 1899. 
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A very noticeable displacement toward the red of the hydro- 
gen line 8 with increase of pressure is proven with certainty by 
the following experiments, to the success of which the assistance 
of Dr. Eberhard has contributed much. 

It was my intention, starting from the same point of view as 
in the experiments on the change in wave-length of metallic 
lines, to investigate first the position of the hydrogen lines in 
the arc spectrum when the carbon poles dipped in water, but 
the voltage of the small Siemens dynamo of early type at my 
disposal was not sufficient for the production of an intense 
hydrogen spectrum. On using the high potential spark between 
metallic electrodes in water, the intense continuous spectrum 
overpowered the weak bands of the hydrogen spectrum, while 
carbon electrodes, which give a less bright continuous spectrum, 
are rapidly deformed in water, so that a uniform illumination of 
the slit of the spectrograph could only have been obtained with 
greater sparking distances than I could employ. 

When the discharge took place in air, however, as soon as 


the carbons were moistened with water, H8 especially appeared 


as a broad, faint, bright band, in the middle of which a compara- 
tively fine dark line could be seen. Liveing and Dewar’ observed 
the flashing out of the hydrogen lines Ha and Hf when they 
put a drop of water on the electrodes, but they did not perceive 
any phenomena of reversal. 

With the spectrograph employed for the above mentioned 
metallic spectra, photographs of the spectrum of the discharge 
between moistened carbon electrodes and of the spectrum of a 
hydrogen tube were now made upon the same plate. The dis- 
placement of the absorption line Hf toward the less refrangible 
end of the spectrum was clearly visible on these plates. The 
following summary gives in the first column the amounts in 
revolutions of the micrometer of the displacements measured 
upon five plates, in the second column their values in wave- 
lengths, together with weights and remarks: 


™ Note on the reversal of hydrogen lines ; and on the outburst of hydrogen lines 
when water is dropped into the arc.” Proc. R. S., 35, 1883. 
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Displacement 
R we Wt. 
+0.096 +0.20 % HB weak 
/7B weak and covered up ; absorption 
+0.028 +006 % line sharper on its edge violet 
+0.046 +o0.10 
+0.049 +o.10 Very good plate 
+0.051 +o.11 Good plate 


The width of the bright band A, diffusely bounded on both 
sides, amounted to more than 5p, and its position could not be 
measured with sufficient accuracy on account of its diffuse 
edges. The mean width of the absorption line was 0.84pm. On 
one plate it was more sharply bounded toward the violet, on the 
others it was equally diffuse on the two sides. The different 
photographs necessarily show differences in respect to super- 
position, sharpness and displacement of the dark lines, since the 
image of HB probably results from the superposition of the 
radiation of many layers in which pressure and temperature differ 
considerably, and since further the phenomenon of reversal 
appears in different degrees of distinctness corresponding to the 
varying conditions of the discharge. Taking this into consid- 
eration we may regard +0.1 1mm as the mean amount of the dis- 
placement of the Hf line in the spark spectrum from the 
corresponding line in the spectrum of the tube under the given 
conditions. 

Of the other hydrogen lines, Ha was easily visible in the spark 
spectrum, //y appeared to be present on some plates as a faint 
and excessively broadened band, but the strongly developed 
carbon lines in the neighborhood were disturbing. The bands 
corresponding to #6 and He, which were presumably even more 
broadened and diffuse than the less refrangible hydrogen lines, 
were completely concealed by the strong calcium lines at 
397MM, 393MM, and the cyanogen band, whose less 
refrangible edge has the wave-length 422up. 


KGL. ASTROPHYSIKALISCHES OBSERVATORIUM, 
Potsdam. 
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ON THE PRESENCE OF OXYGEN IN THE ATMOS- 
PHERES OF CERTAIN FIXED STARS." 


By DAvID GILL. 


In a paper read before the Society on April 8, 1897, and in 
a subsequent paper,? Mr. Frank McClean draws attention to the 
grouping of lines other than those of helium and hydrogen in 
the spectra of 8 Scorpii, 8 Canis Majoris, 8 Centauri and 8 Cru- 
cis, suggesting that the close correspondence between the 
grouping of these extra lines and the known lines of oxygen, 
points to the probable presence of that gas in the atmosphere of 
these stars. 

In the latter paper he writes: ‘‘ The most remarkable cor- 
respondence is in the case of the large group on either side of 
H6. A slight shift of about a tenth-meter is required to bring 
the groups into identical positions. However, the close simi- 
larity of the whole grouping of the two spectra as they appear 
on the plate, admits of little doubt that the extra lines actually 
constitute the spectrum of oxygen. If this be established, the 
spectrum of the first division of helium stars would be due to 
hydrogen, helium, and oxygen.” 

In his subsequent work? Mr. McClean concludes: * Taking 
everything into account, the succession of coincidences between 
the extra lines of ®8 Crucis and the oxygen spectrum can 
only be accounted for on the basis of the extra lines being in 
the main actually due to oxygen.” 

This conclusion does not as yet appear to have been fully 
accepted by spectroscopists, partly because from the low 
dispersion used the lines of the groups are not separately 
shown. It is very generally known that the instrumental equip- 
ment of the Royal Observatory at the Cape has recently 


* Proc. Roy. Soc., 55, 196, 1899. 
2 Proc. Roy. Soc., 42, 418, No. 386. 


3 Spectra of Southern Stars. (Stanford, London, 1898.) 
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been enriched by a complete equipment for astrophysical 
research, the whole being the munificent gift of Mr. McClean, 
F. R.S. 

The slit-spectroscope, for attachment to the photographic 
refractor, reached the Cape in the middie of January last, and I 
resolved that its first published work should deal with Mr. 
McClean’s interesting discovery. 

As a complete account of the instrument and its Observatory 
will be subsequently published, it may be sufficient for the pres- 
ent to state that the object-glass of the photographic telescope 
has an aperture of 24 inches, and focal length of 22 feet 6 
inches, its minimum focus being, at present, for rays about mid- 
way, between and Hy. 

The collimator of the spectroscope has an aperture of 24 
inches, and focal length of 22% inches, so that a cylinder 
of parallel rays 2 inches in diameter falls on the prisms, and 
the latter are of sufficient size to pass the whole of the rays 
which form the image of the spectrum on the sensitive plate. 
The instrument is provided with two camera-telescopes of 234 
inches aperture, one being of about 36 inches focal length, the 
other of 16 inches. 

Only the larger of the two camera-telescopes has been 
employed in the after-mentioned observations. 

There are two cast-iron prism boxes; one of them contains 
three prisms of about 60° each, which for rays near Hy produce 
a deviation of 180°, so that the camera-telescope becomes 
parallel in the reverse direction to the slit-telescope. The 
other prism box contains a single prism of 62°. The prisms in 
both boxes are fixed, without screw adjustment, in minimum 
deviation for Ay. The collimator is in the axis of a solid 
drawn steel cylinder—the latter attaching by a flange at one 
end to the butt end of the telescope ; a cast-iron plate attaching 
to the flange on the other end of the cylinder carries either 
one or other of the two prism boxes. 

The slit-slide and the 60° prism for reflecting the comparison 
spark on the slit (made on the plan of the Lick spectroscope) 
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are contained in a strong cast-steel box which is permanently 
attached to one end of the collimator tube. This latter is a 
very strong solid drawn steel tube, the external surface of which 
has been turned and finished to a true cylindrical form, and it 
rests in proper geometrical bearings formed in strong cast-iron 
diaphragms, which are fitted inside the cylindrical body of the 
instrument. 

A powerful slow motion permits the collimator to be slid 
along its axis so as to focus the slit upon the image of the star 
at any required reading of the focusing scale. The object-glass 
of the collimator is mounted on the end of another steel cylin- 
der which also rests on geometrical bearings inside the outer col- 
limator tube, and it is also provided with a fine slow motion and a 
focusing scale. Both these scales are illuminated at will by 
small incandescent lamps, and are read by microscopes which 
are accessible from the outside. 

The whole instrument can be enveloped in felt to prevent any 
but very slow change of temperature. 

The comparison-spark apparatus is arranged with wide angle 
object-glasses, in such a way that if the image of the spark 
shines on the slit the object-glass of the collimator must be full 
of light. Numerous trials in all positions of the instrument 
have invariably given photographs of the lines of the compar- 
ison spectrum of iron rigorously coincident with the corres- 
ponding lines of the solar spectrum, the latter being obtained 
by exposing the slit in diffuse daylight. 

The camera end with its focusing and tilting adjustments 
can be attached to either telescope by a flange with a bayonet 
joint. The focusing scale is divided to ;'; mm, and the amount 
of tilt of the plate-holder is measured on a graduated arc. 

As the large telescope is fitted with an object-glass prism 
of 24 inches aperture (which, when the slit-spectroscope is in 
use, is folded back in the manner shown in the frontispiece of 
Mr. McClean’s Spectra of Southern Stars), heavy counterpoises 
are required to balance the tube about the declination axis if 
the spectroscope is not attached. 
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In designing the slit-spectroscope I was thus not limited by 
the necessity for lightness in its construction. The complete 
instrument weighs 400 pounds, being almost exactly the equiva- 
lent of the counterpoises and focusing slide and camera, which 
are removed for its adaptation. In every detail the fittings of 
the spectroscope are designed with the necessary geometrical 
limitations of freedom and no more, so that no shake nor varia- 
tion of adjustment can arise from imperfection of workmanship ; 
that is to say, all the adjustments depend on adequate spring 
pressure against the minimum number of necessary rigid points of 
support. 

The object-glasses of the spectroscope were made by Brash- 
ear, and are all excellent. The three dense prisms were also made 
by Brashear; their definition is very fine, but the glass is rather 
yellow in color, and produces great absorption of rays more 
refrangible than Ay. The single prism by Steinheil gives 
excellent definition, and the glass is much whiter than in Brash- 
ear’s prisms. The optical constants of the prisms have not yet 
been determined. 

The mounting was constructed by the Cambridge Scientific 
Instrument Company, to my designs, in the most careful and sat- 
isfactory way. I am greatly indebted to Mr. Horace Darwin 
for much care in supervision of the work, and for some very 
ingenious and important improvements in detail which he car- 
ried out. 

Above all I am indebted to Mr. H. F. Newall, who has taken 
infinite trouble in making and testing the permanent adjustments 
of the instrument and in supervising the arrangement of its 
final details. To him I owe the fact that the instrument arrived 
at the Cape practically in perfect adjustment and ready for 
work. After a series of preliminary focusing trials by Newall’s 
method,’ a number of photographs of star spectra were made 
with the three-prism box and long telescope. The present 
paper deals chiefly with the results of measures of a photo- 
graph of the spectrum of 8 Crucis, and of a comparison iron 

*M. N., §7, 572. 
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spectrum obtained on March 15. The plate was exposed to the 
comparison spectrum of iron immediately before and immedi- 
ately after the exposure for the star spectrum. 

Lines of the iron spectrum cover the whole exposed length 
of the plate from Fe 1 4187.99 to 4563.99, the linear interval on 
the plate between these lines being 70.367 mm. 

As a preliminary step, the intervals between successive pairs 
of iron lines were measured with the micrometer of the old 
Repsold astro-photographic measuring apparatus." 

If As is the interval between the two adjoining lines in terms 
of revolutions of the micrometer screw, A, and A, their respec- 
tive wave lengths, 


(A, +A,) and AA=A,—A,. 


I found to my surprise on computing 4 A / As for many dif- 
ferent values of X,,, and plotting these on millimeter paper with 
A / As as ordinate and X,, as abscissa, that within the limits of 
error of plotting and observation the resulting curve was prac- 
tically a straight line ; in other words the screw values can be 
represented by 


AA, 
As : As As 
— + 2d, n— 2d, 
or generally 
Axr 
Bs 
where 
Aw =A —a/d. 


Such a law can only be applicable to a limited portion of the 
whole spectrum, for it is obvious that for no value of A can AX / As 
be really = 0. 

In order to test over what range of the spectrum this law 
might be regarded as sufficiently rigorous, four selected iron 
lines were measured in terms of the millimeter scale which is 


* Described by Bakhuyzen, Bulletin du Congres Astrographique, 1, 169. 
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attached to the instrument, the division errors of which are 
known for each 5th millimeter. For convenience the measures 
are converted into screw revolutions of the micrometer micro- 
scope which was used in measuring the spectra, viz.: 1 revolu- 
tion == 0.5 mm. 


Screw Rev. 
Ar = Fe 4583.99 200.254 
“ 4442.52 159.130 
“ 4282.54 101.802 
“ 4187.99 59.520 
Hence 
A 4 
for we have 3.4400 d. 
0.0043053 3714.80 
Ad 4362.53 
we have = 2.7906 
0.0043572 3722.08 
for 4% we have AA 4325.57 AS23351 = 2.2361 


Thus far interpolation between adjoining known iron lines the 
second differences, d, are practically constant over the range of 
spectrum with which we have to deal, and consequently the logs 
of (A-A,) vary proportionally to the measured intervals 
between the lines. } 

If this were sérictly true for the whole range of our spectrum 
one would obtain rigorously accurate interpolation as follows: 

Let m, and m, be the micrometer readings on any two 
known lines. 

Let m, be the micrometer reading for an intermediate 
unknown line. 

Let A, and A, be the corresponding wave-lengths of the 
known lines. Then to find A, corresponding to m, we have 


where the square brackets denote the logs of the included 
quantities. 
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That the second differences of AX / As for successive values 
ot A are not strictly constant for the whole length of our 
spectrum is shown by the different values of d and A, obtained 
above. 

If we assume A, a constant = 3718 and interpolate the wave 
lengths of A, and A, by means of our formula (1) we obtain 


Known Computed Known—Computed 
Neo 4425.52 4425.36 + 0.16 
A; 4282.54 4282.72 —o.18 


The differences “*known—computed’’ considerably exceed 
the probable errors due to the observations and the small inaccu- 
racies of the determinations of the fundamental wave-lengths, 
thus showing that errors have been introduced by neglect of the 
small variations in the second differences of the successive 
values of AX/ As. 

It is, however, very easy to take account of these variations 
by computing an auxiliary table for different values of A, with 
the argument A,. Thus on the assumption that A, varies pro- 
portionally to A, we have : 


Mg. 

A. Ao 
4100 3732 
4200 3727 
4300 3722 
4400 3717 
4500 3712 
4600 3707 


Taking A, from this table with the argument “ approximate 
wave-length of the line, whose definite wave-length is required,” 
we find the intermediate wave-lengths accurately represented.’ 

As well-known iron lines are found within thirty or forty 
tenth-meters of all the unknown lines, it is always sufficient for 
the purpose of interpolation by our formula to employ the value 


A,—A 
of X, from the above table with the argument 3, 


"I find that the wave-lengths of solar lines as measured by Campbell (this 
JouRNAL, October 1898) are also very beautifully represented throughout by this 
simple method of interpolation. 
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In this way the wave-lengths of the lines in the spectrum of 
B Crucis given in the following table (p. 280), have been deter- 
mined : 

Column (1) gives the wave-lengths of all known oxygen 
lines of intensity 3 or brighter, between A 4303 and 4575, 
according to Neovius as well as Trowbridge and Hutchins." 

Column (2) gives the wave-lengths of all helium lines accord- 
ing to Runge and Paschen,? contained within limits of the spec- 
trum under observation. 

Column (3) gives the results of my measurements of the 
negative of the spectrum of 8 Crucis, those under head I being 
my first essays in the measurement of any photographed spec- 
trum, those under head II being the results of my second 
measurement, including all the lines which could be detected 
under most careful and repeated scrutiny. Each result in series 
1 depends on two pointings, each in series II on four pointings. 

The lines whose wave-lengths are given to two decimal places 
of the tenth-meter were measured with a magnifying power of 
fifteen diameters, those given to one decimal place with a power 
of only three diameters,—the lines of the latter class being 
very faint and only certainly visible under a very low power. 
When possible, different iron lines were used in series 1 and II 
for determination of the wave-length of the stellar lines. 

The observations were not arranged for determination of 
motion in the line of sight, but the exact coincidence of the star 
line 4417.06 with the air (oxygen) line, and the general agree- 
ment of the stellar hydrogen and helium lines with their known 
wave-lengths, tend to show that the relative motion of 8 Crucis 
to the Earth on February 21, did not exceed + 3 kilometers per 
second. On that date the Earth in its motion round the Sun was 
moving towards 8 Crucis with a velocity of 18 kilometers per 
second, and consequently 8 Crucis is probably receding from 
the Sun with a velocity of 18 km + 3 km per second. 

The whole of the known helium lines within the measured 


* Warts’ /ndex of Spectra, Appendix E. 
? This JOURNAL, 3, I0. 
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) 
Known lines, Cape of spectrum 
Intensity 3 or brighter Pao of 6 Crucis 
unge an 
Remarks 
_| Trowbridge | this JourNaL, 
Neovius and. 3, 10) I Il 
4253.9 Faint, rather broad, edges fairly distinct 
4267.2 Probably carbon, E. and V., 4267.5 
4285.3 Undoubted line, only seen with low power 
— Too indistinct for measurement, positions 
estimated only 
4317-4] (4) | 4317-20 4317.36 | 4317.35 O 
4319.9| (4) | 4319.50 4319.78 4319.78 O 
4325.9] (3) | 4325.90 4325.83 4326.0 O 
4327.3| (3) | 4327.60 
4337-1] (3) 4337-19 4337.0 O slightly more refraction than Fe 4337.22 
4338.8 
4340.57 4340.63 Hy (4340.634) Rowland 
4342.6 Suspect this faint close double line 
4345.8] (6) | 4345.52 4345-53 4345.50 O 
4347-9| (6) ge 4347-33 | 4347.30 | O coincident with 4347.47 
4349-4| (8) | 4349.30 4349.42 4349.49 O 
4351.6] (6) | 4351.40 4351.34 4351.39 O 
= Both very fine faint lines very difficult to see 
4367.0] (6) | 4366.92 4367.01 4366.99 oO 
4368.3 | (3) 


4369.7 | (3) | 4369.60 
4388.100(3), 4388.18 4388.24 He 


4396.1 | (3%)| 4396.30 4396.2 O 

4415.0] (9) | 4515.00 4415.01 1415.09 

4417.3| (9) | 4417-17 4417.06 } | line 
4431.1 Certainly less refraction than Fe 4430.79 
4433-1 Certainly more refraction than Fe 4433.32 
4435.1 

4437-718 (1) 4437-9 He faint, well defined edges 
4452.7| (3) | 4452.40 4452.7 O 


4465.4| (4) | 4465.40 
4467.8] (4) | 4468.04 
4469.6 | (3%)| 4469.50 
4471.646 (6)| 4471.61 4471.56 He 
4481.17 Probably magnesium 
4522.84 Very faint 

4552.80 4552.78 : 

4567.90 4568.06 Strong well marked lines, origin unknown 


4574-67 4574.69 
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range of spectram are unquestionably present, as also are all 
known oxygen lines stronger than intensity 4. 

The exceedingly faint lines: 

gp Crucis 4253.9 may be coincident with Neovius 4254.1 = T. and H. 
4253.42, and 

B Crucis 4303.0 or 4304.0 may be coincident with Neovius 4304.4 = T. 
and H. 4303.8 
but these coincidences are very doubtful and it is improbable 
that such very faint lines would be represented, while the neigh- 
boring line 4327.3, intensity 3, is wanting on the photograph. 

The oxygen lines of intensity 4 which are wanting, viz.: 
Neovius 4465.4 and 4467.8 are in a portion of the spectrum 
which is somewhat over-exposed, and this fact probably accounts 
for the non-appearance on the plate. Possibly also the relative 
intensities of the oxygen lines at the temperature and pressure 
of the atmosphere of 8 Crucis may be different from their 
relative intensities in the conditions under which Neovius deter- 
mined the intensities of the air lines (spark spectrum). 

There remains, however, not the slightest doubt that all the 
stronger oxygen lines are present in the spectrum of 8 Crucis, 
at least between A 4250 and 4575, and this fact requires no 
further laboratory experiments for its establishment. It is almost 
equally certain that there is no trace of true nitrogen lines in 
this spectrum. 

The only measured lines of 8 Crucis near known nitrogen 
lines are: 

Neovius 4341.8 Intensity 16 Bp Crucis 4342.6 
4523.0 16 “ 4522.84 
but it is improbable, although not impossible, that nitrogen lines 
of intensity (1) should be present while the strong nitrogen line 
4507.7, of intensity 6, is absent. 

Besides hydrogen, helium and oxygen, the spectrum of 8 Cru- 
cis shows the probable presence of carbon (4267.2) and magne- 
sium (4481.17). These lines were not included in the first 
measurements, in the former case, because the line could not be 
distinctly seen with the higher power, in the latter because I was 
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doubtful of the existence of the line on account of a slight defect 
in the film at that point, but other negatives confirm its existence. 

The spectra of 8 Crucis, 8 and e Canis Majoris, and probably 
8 Centauri are all practically identical. They all contain the 
three unknown strong lines 

4552.79 

4567.09 

4574.68 
besides the probable magnesium line 4481.17, the lines of hydro- 
gen, helium, the stronger oxygen lines, and the probable carbon 
line 4267.2. 

Further investigations on this class of stars will be subse- 
quently communicated ; in the meanwhile I forward also for repro- 
duction a contact positive from a negative of the spectrum of e 
Canis Majoris taken on March 15, with the single prism, in which 
the slit has been focused for rays of about A 4080, and with a com- 
parison spectrum from an oxygen tube, a Leyden jar and air space 
being introduced in the secondary circuit of the Ruhmkorff coil. 

This photograph shows the coincidence of stellar lines with 
the group of three strong oxygen lines, viz.: 


Neovius T. and H, Intensity 
4076 3 4076.19 9 
4072.4 4072.34 9 
4070.1 4070.24 8 


and other neighboring oxygen lines beyond the range of the 
three-prism train. The lines are all displaced towards the red 
by motion. 

On March 15 the Earth by its motion round the Sun was 
receding frome Canis Minoris with a velocity of 17km_ per 
second, which agrees with the direction of the displacement of 
oxygen lines. There has not yet been time to determine the 
constants of the single-prism spectroscope, but this does not affect 
the question of the identification of the oxygen lines in the 
spectrum of ¢ Canis Majoris. 

The plates of the spectra of 8 Crucis and € Canis Majoris 
were exposed and developed by my assistant, Mr. J. Lunt. 


MInoR CONTRIBUTIONS AND NOTES 


CORRECTIONS TO DETERMINATIONS OF ABSOLUTE 
WAVE-LENGTH. 


In so far as the literature of the subject is at present available to 
me, it appears that two corrections have hitherto been neglected in 
determinations of the absolute wave-length of lines of the solar spec- 
trum. These corrections are so small as to be of slight importance in 
many researches upon the spectrum, including the identification of 
solar and metallic lines, but may rise to significance in investigations 
of the motion of stars in the line of sight, which are very exacting in 
regard to the accuracy of the wave-lengths of both metallic and gaseous 
comparison lines, solar lines occurring in stellar spectra, and lines of 
normally gaseous elements found in stars. 

The first correction is due to the effect of the eccentricity of the 
Earth’s orbit. ‘The ordinary formula for the component of the Earth’s 
velocity along the radius vector of its orbit is 


Ve sin (Il — 0) 


V being the mean orbital velocity of the Earth and equaling ae 


and II being the longitude of the Sun when the Earth is at perihelion. 
The values of v will obviously be at a maximum when the Earth is at 
quadrature, in April and October, and zero at perihelion and aphelion. 
Introducing the proper values for a, ¢ and 7 we at once obtain the 
maximum value, v= 0.50 kilometers per second, which may, of course, 
be directly obtained from the Nautical Almanac. The effect of this 
velocity in shifting the lines of -the solar spectrum would be as follows : 


Cc F Hy K 
6563 4862 4341 3934 tenth-meters 
Shift 0.01! 0.008 0.007 0.007 


The second correction is the diurnal one, due to the Earth’s rota- 
tion, habitually applied to the reduction of stellar velocities by all 
283 
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observers. It is not to be presumed that this has been accidentally 
overlooked in laboratory determinations of wave-length, but rather 
that it has been deemed insignificant. At present, however, when the 
best measures of wave lengths are given to the thousandth of a tenth- 
meter (although not assumed to be accurate, as absolute measures, to 
that extent), the correction should be taken into account. 

The well-known formula, expressed in kilometers, is 


Vy = — 0.47 sin ¢cos ¢, 


the letters having their customary significance. The maximum value, 
for a solar declination of zero, and an hour angle of go”, will be for 
the latitude of Baltimore 0.36km, for that of Potsdam o.29km per 
second ; for an hour angle of 45°, the values will be respectively 0.24 
and o.20km per second. The effect of this shift on the wave-length 
would be as follows for Baltimore : 
Cc F Hy K 
Hour angle go” 0.008 0.006 0.005 0.005 tenth-meters 
45° 0.005 0.004 0.004 0.003 


The uncertainty of an absolute wave-length night therefore amount 
to over one one-hundredth of a tenth-meter, and a velocity depending 
directly upon it to over one-half a kilometer per second. 

This result, however, would certainly be misleading to those unfa- 
miliar with the reduction of velocities in the line of sight, for probably 
all observers depend upon relative rather than absolute wave-lengths. 
In fact, in cases where direct displacements of identical lines in the 
comparison and star spectrum are measured, the effect of even very 
large errors in the absolute wave-length will be inappreciable. Where 
indirect comparisons are made, that is, where the sharpest star lines are 
measured with reference to the best defined neighboring lines of the com- 
parison spectrum —certainly a very convenient method — any inaccu- 
racy of the relative wave-lengths is nevertheless of decided significance. 
For instance, an error of o.o1 tenth-meter in the relative wave-length 
of either a comparison line or a solar line identified in the spectrum 
of Polaris will make an error of 0.7 km per second in the velocity of 
that star as determined by that line. Fortunately, the best measure- 
ments of the wave-lengths of the lines of metallic and gaseous ele- 
ments, by Hasselberg, and by Kayser and Runge and others, are based 
upon Rowland’s system, so that corrections for differences of system 
do not arise to any great extent. 
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However, the need .of a more accurate determination of absolute 
wave-length, and still more of an accuracy to the one thousandth of a 
tenth-meter in relative wave-lengths in comparison and solar spectra 
(to which Rowland’s admirable table does not profess to attain), has 
become urgent for line of sight work, in which it is hoped that even 
fractions of a kilometer may be of actual significance. 

Epwin B. Frost. 


POSITION OF NOVA SAGITTARIL.* 


THE method of determining the precise positions of the stars from 
measures of their photographic images, described in the Amna/s, 26, 
237, is now generally employed here when accurate positions are 
desired. The positions of the planet Eros on the photographs 
described in Circulars Nos. 36 and 37 are being determined by this 
method. As an illustration of the accuracy readily attained, measures 
were made of the New Star in Sagittarius described in Circular No. 42. 
The first pair of plates measured were enlargements of Plate B 21319, 
taken with the 8-inch Bache telescope on April 29, 1898, with an 
exposure of ten minutes. The star was then of the eighth magnitude. 
The second pair of plates were enlargements of Plate C 11827, taken 
with the 11-inch Draper telescope on March 20, 1899, when the star 
was of the eleventh magnitude. Six exposures of ten minutes each 
were given to the last plate, moving it slightly in declination after 
each. Six adjacent images of the Nova and of each of the compari- 
son stars were thus obtained. A single enlargement, therefore, fur- 
nishes six independent determinations of the position of the Nova. 
It was found more convenient, however, to take the mean of the meas- 
ures of the six images and treat them like a single observation. Two 
enlargements were made of each of the two original negatives, taking 
care to move the reticule about a millimeter in each coédrdinate after 
the first enlargement of each plate, and thus eliminate, or at least 
reduce, errors in ruling. Four independent determinations of position 
are thus obtained, which are given below. Two positions of this object 
have been published, derived from visual observations. The first, by 
Professor O. C. Wendell, is given in Circular No. 42; the second, by 
Professor E. Hartwig, is given in the 4. 1V., 149, 29. It should be 
stated that in the first of these determinations the times were noted on 


' Harvard College Observatory Circular No 46. 
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a chronometer by a comparatively inexperienced recorder, and in the 
second case, a single comparison star, —13°5194, was used whose 
position was taken from Weisse, and differs several seconds from the 
recent observations of its position made here. The photographic 
determinations depend on the positions of five stars, —13°5183, 
— 13°5185, —13°5194, —13°5197, and —13°5200, measured with 
the Harvard Meridian Circle. 


Wendell R. A. 1900 = 18" 56" 12.2 © Dec. 1900 = —13° 18' 16” 
B 21319, I “ =18 56 12.82 18 12.6 
“ = 18 56 12.90 18 12.8 
C 11827, I ” “ =18 56 12.81 “ “ =—13 18 13.2 
“ =18 56 12.79 “ =-—13 18 13.3 


The close agreement of the four photographic measures indicates 
that this method gives results of an accuracy at least equal to the 
best meridian circle observations. As in the case of other Novae, 
there is no evidence of proper motion, or change of position as the 
star fades. 

Several measures were made of each image of the Nova. A com- 
parison of them shows that the probable error of a single setting is 
+o0.13", the largest residual being 0.3". A similar determination 
from settings of the comparison stars gave the probable error derived 
from successive settings + 0.08". In three cases only did successive 
settings differ more than half a second, and these gave the values, 1.0”, 
0.7” and 0.6". 

The results of the first measures of the position of the Nova, as 
derived from the six images of Plate C 11827, and expressed in seconds 
of arc, differ from their mean in x by + 0.02", —o.08", —0.38’, 
+ 0.09", 4- 0.27", and + 0.07”, and in y by — 0.48", —0.32", + 0.18”, 
+ 0.36", -—0.08", and + 0.26". The second measures similarly gave 
in x, —o.28",+ 0.03", —0.04", +0.06", + 0.35”, and —o.0g”, and in 
y —0.45", +0.03", +0.12", +0.19’, —0.08", and +0.14”. A part 
of these differences is real and is perhaps due to a change in orienta- 
tion of the plate when it was moved. Thus, the largest value, —o.48", 
has nearly the same value, —o.45", in the second measure. The 
designations of the five comparison stars, their assumed right ascen- 
sions and declinations for 1890, and their residuals in x and in y, as 
derived from the two measures of the two plates, are given below: 


i 
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DM R. A, 1890 Dec. 1890 x y 


—13°5183 54™ 58.195] —13° 8'36.4| +0.1” +0.2” —o.1” —0.3” | +0.4” +0.3” 40.2” 
—13°5185 55 1.90|—13 28 31.1| +0.2 —O.1 +0.5 —o.1 —1.5 —I.2 —0.6 —0.6 
~13°5194 |18 56 1.58| —13 24 37.6] —0.3 +0.3 +1.1 +1.3 | +3.2 +2.7 +1.6 +1.6 
—13°5197 |18 56 26.58|—13 19 8.0} —1.8 —1.8 —2.0 —1.8 —1.4 —1.4 —1.3 f 


—13°5200 |18 56 41.60 |—13 19 25.1} +1.7 +1.4 +0.4 +0.7 | —0.7 —0.5 +0.3 +0.2 


Epwarp C. PICKERING. } 
September 23, 1899. 


THE YERKES OBSERVATORY OF THE UNIVERSITY 
OF CHICAGO. 


BULLETIN NO. 12. 


CARBON IN THE CHROMOSPHERE. 


THE green fluting of carbon, which terminates at A 5165.3, was first 
found in the spectrum of the chromosphere at the Yerkes Observatory 
in September 1897. A large image of the Sun and excellent atmos- 
pheric conditions are required to render the bright lines of the fluting 
visible, as the layer of carbon (or hydrocarbon) vapor to which it is 
due is probably less than a second of arc in thickness, and lies in 
immediate contact with the photosphere. The forty-inch telescope, 
which gives a focal image of the Sun seven inches in diameter, was 
used for the observations, in conjunction with a large solar spectro- 
scope containing a five-inch Rowland grating with 20,000 lines to the 
inch. The bright lines of the fluting were identified with the faint 
| dark carbon lines in this part of the solar spectrum, by placing the 

slit on the image of the photosphere, where the dark lines were visible, 
and then quickly moving it to the chromosphere, where the dark lines 
were seen to be replaced by bright ones. At this time an unsuccessful 
search was made for the yellow and blue flutings of carbon. 

In August 1899, after the solar spectroscope had been recon- 
structed and the 20,000-line grating replaced by a four-inch Rowland 
grating with 14,438 lines to the inch, the green fluting was better seen 
than before. The lines were carefully reidentified with those of car- 
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bon, and had a specially constructed micrometer been available at the 
time, it would have been possible to measure many of them. As the 
atmospheric conditions were very fine another search was made for the 
yellow fluting, which terminates at 5635.4. With perfect adjust- 
ment of the apparatus, and careful setting for tangency, the fluting 
was soon found. It can be observed, however, only with the largest 
instruments used under the best conditions. The blue fluting, which 
terminates at A 4737.2, could not be seen. 

Mr. W. S. Adams, Fellow in Astronomy, assisted in the work and 
confirmed the observations of the yellow fluting, which was also seen 
by Professor Frost, and has since been observed on other occasions by 
the writer. In this fluting less than a dozen lines could be separately 
distinguished. The green fluting contains so many bright lines that it 
is impossible to count them. 


SOME NEW FORMS OF SPECTROHELIOGRAPHS. 


Of the various forms of spectroheliographs described in my pre- 
vious papers, the simplest and best is undoubtedly that in which the 
instrument is moved as a whole at right angles to the axis of the tele- 
scope, the solar image and photographic plate remaining stationary. 
It is not always possible, however, to employ a spectroheliograph of 
this form. With the forty-inch telescope, for example, the motion of 
the very heavy spectroheliograph required could not be effected with- 
out jarring the instrument. For this reason it has been decided to 
cause the solar image to move across the first slit by means of the 
slow motion declination motor.‘ The first and second slits are fixed 
with reference to each other, and the photographic plate is moved 
across the second slit by means of a screw driven by the same motor, 
which is mounted on the tube of the forty-inch telescope. A wide 
range of exposures can be secured by means of a system of change 
gears. This spectroheliograph, which has an aperture of six and one 
fourth inches, is now nearly ready for trial. 

Two other forms of spectroheliographs may occasionally prove use- 
ful. In both the first slit and the axis of the collimator are supposed 
to remain coincident with the optical axis of the telescope. In the first 
form a photographic doublet, of large field, is so placed that the solar 
image, at the principal focal plane of the telescope, and the first slit 


*The plan of moving the solar image in declination was first suggested by Mr. 
W. H. Maw several years ago. 
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are in its conjugate foci. If the lens is then moved at right angles to 
its optical axis the image of the Sun will move across the first slit. 
The carriage which bears the photographic plate across the second slit 
is geared to the screw that moves the doublet in such a manner as to 
give a photograph of the Sun which is not distorted by the relative 
motion of plate and solar image. 

The other form vf spectroheliograph is similar, but the photo- 
graphic doublet is replaced by a right angle prism, with hypothenuse 
parallel to the axis of the telescope, or a combination of three mir- 
rors," arranged as shown in the figure. 

When this device is used it is placed immediately in front of the 
first slit, which lies in the principal focal plane of the telescope. It is 
connected with the plate-carriage, and both are moved at right angles 
to the axis of the collimator. 

Both of these instruments have obvious defects, such as liability to 
distortion of the photograph, due to the limited field of the doublet ; 
diffuse light from lens and mirror surfaces ; 
possible distortion of the prism or mirrors, 
due to heating; and the necessity of using el 
large lenses and mirrors when a large solar 
image is to be photographed. Ifthe details 
of the design are carefully worked out, however, these defects can be 
reduced to a minimum or perhaps altogether obviated. For example, 
the effects of heating and diffuse light can be greatly decreased by the 
use of moving screens, so arranged as to cover all parts of the solar 
image except the particular region which is being photographed at a 
given moment. 

It will be seen that both instruments are better adapted for labora- 
tory use, in conjunction with a heliostat, than for attachment to an 
equatorial. In the laboratory the considerable distance which must 
separate the doublet from the solar image and slit, in case a large 
image is desired, is not very objectionable. Either device affords a 
simple means of transforming a large fixed spectroscope, of almost 
any type, into a spectroheliograph. Grorce E. HALE. 

October 21, 1899. 


* Such combinations of mirrors, as well as right angle prisms, have long been used 
for the purpose of rotating the solar image in spectroscopic observations. It is 
obvious that rotation of the image (and photographic plate) may also be employed 
in spectroheliographic work, if it is intended to photograph only the limb of the 
Sun, and not the central part of the disk. 
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RESULTS OF AN EXAMINATION OF SPECTROGRAMS OF 
a ORIONIS OBTAINED DURING THE RECENT IRREG- 
ULAR MINIMUM. 


Durinc the irregular minimum of a Orionis at the past opposition 
it became a matter of interest to determine whether a change in its 
spectrum had taken place. ‘The most convenient and accurate method 
for making such a determination is to compare spectrograms taken 
with the same instrument in the same adjustment. For this sugges- 
tion, as well as for the necessary earlier photographs for making the 
comparison, I ain indebted to Professor Keeler. 

The photographs loaned me by Professor Keeler, together with the 
necessary data, are tabulated below with the prefix A; those taken by 
myself with the prefix #7. All these photographs were taken with the 
Thaw spectroscope’ having a prism-train of three dense flint 60° 
prisms, and collimator and camera each of 16 inches focal length. 
When set on A5708 the dispersion was just sufficient to divide the 
double line at A 5340.6. The photographs were taken on Cramer 
“Tsochromatic Instantaneous” plates. Within the range (by which 
is meant the limits within which the lines were sharp and within which 
the photographs were compared) of 7 I (A 5130-A 5370), 63 lines were 
measured, and on # VI, 73 lines. 


No. Date | Setting Range Quality of negative 
KX! December 5, 1894 b X 5130-A 5370 Fine 
Fill ‘December 9g, 1894 b 5130-A 5370 Fine 
xX ill October 17, 1894 5352 dX 5328-A 5655 Fine 
December 24, 1898 §130-A 5370 Fine 
February 27, 1899 5160-A 5370 Good 
#7 ill March 20, 1899 5215-A 5370 Fair 
HIV April 3, 1899 5708 X 5405-A 5655 Fair 
HV April 4, 1899 5708 AX 5328-A 5655 Good 
HVI April 5, 1899 5708 dX 5328-A 5655 Fine 


Comparisons of the spectrograms taken with the prism-train set on 
(4) were made by placing X I on HI under the comparator with the 
film sides together and lines of the same wave-length adjacent, and 
observing lines of the same wave-length separately to note any change 
in their relative intensities, or the absence of any lines on the one 


‘A. and A. P., 12, 40. 
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photograph shown on the other. A like comparison was made with 
Kil. In thesame way # II and # III were each compared with X I 
and X II. 

The comparisons revealed no changes either in the number or 
relative intensities of the lines. When placed close together under the 
comparator they appeared like a single spectrum. 

Owing to a considerable difference in the dispersion with the 
prism-train set on A 5352 and A5708 a modification of the above 
method was used. The wave-lengths of the stellar lines of each of the 
photographs A III and H VI were obtained by means of standard 
spectrograms of the sky, and the intensity of each line, as well as the 
ratio of its intensity to that of the solar line of the same wave-length 
was also noted. These data were then tabulated and the tables com- 
pared. No change in the relative intensities of the lines not traceable 
to difference in development or irregularities in the grain of the plate 
could be detected, nor could any difference in the number of the lines 
be found, except what appeared to be a few exceedingly faint lines, 
visible only under the best illumination with the microscope, which, 
however, were always so irregular in appearance as to make it more 
probable that they were due wholly to the grain in the photographic 
plate. 

The wave-lengths of each photograph having been determined, the 
lines on each photograph were marked off into groups. They were 
then placed, film sides together and like groups adjacent, on the com- 
parator, and the relative intensities of the lines and their number 
compared, with the result that no change could be detected, confirming 
the conclusion drawn from the tables. 

Having found no change in the spectrogram, H VI, # IV, and 
HV were compared with it. This comparison showed in all respects: 
an identity in the appearance of the three photographs. 

The above six photographs therefore revealed no change in the 
spectrum of a Orionis within the limits which have been stated. 

HENRY HARRER. 


ALLEGHENY OBSERVATORY, 
September 16, 1899. 
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RECOMMENDATIONS OF THE BOARD OF VISITORS TO 
THE UNITED STATES NAVAL OBSERVATORY. 


In the report of the proceedings of the Third Conference of 
Astronomers and Astrophysicists published in the last (October) num- 
ber of this JouRNAL, reference was made to the appointment of a 
Board of Visitors to the United States Naval Observatory. The 
Board presented its report to the Secretary of the Navy on October 2, 
together with the following letter of transmittal, which contains an 
outline of the report. The first subdivision, consisting of the recom- 
mendations of the Board, is given herewith. The entire report will 
soon be published by the Navy Department. 


Washington, D. C., October 2, 1899. 
Hon. John D. Long, Secretary of the Navy. 

Sir: In compliance with the request contained in your letter of June 30, 
1899, the undersigned have acted as a Board of Visitors to the United States 
Naval Observatory in Washington and now submit their report, including 
subdivisions as follows: 

I, Recommendations of the Board of Visitors. 
II, Circumstances leading to the appointment of the Board of Visitors. 
III. Cost of the Observatory. 
IV. Comparison with other observatories. 
V. Present condition and methods of observatory work and the delay 
in printing its results. 
VI. Historical sketch of the Observatory. 
VII. Minutes of the Proceedings of the Board of Visitors. 

VIII. Appendix. 

The several portions of the report were put in form by the astronomers 
who are members of the Board. The recommendations are made unani- 
mously. Very respectfully, 

Wa. E. CHANDLER. 

A. G. DayTon. 
EDWARD C. PICKERING. 
Geo. C. COMSTOCK. 
GEORGE E, HALE. 


KECOMMENDATIONS OF THE BOARD OF VISITORS. 


In accordance with the instructions contained in the following 
letter all the members of the Board of Visitors to the United States 
Naval Observatory therein named met at the Observatory in Washing- 
ton on Friday, June 30, 1899, and organized by the selection of William 
E. Chandler as chairman and George C. Comstock as secretary. 
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NAVY DEPARTMENT, 
Washington, June 30, 1899. 
GENTLEMEN : 

In accordance with previous correspondence and oral conversations, you 
are hereby requested to act asa Board of Visitors at the United States Naval 
Observatory in Washington, convening there today,and to proceed to exam- 
ine into the condition of that institution and to report to me your conclusions 
and recommendations. Very respectfully, 

Joun D. Lone, 


Secretary. 
Hon. William E. Chandler. 


Hon. Alston G, Dayton 
Professor Edward C. Pickering. 
Professor George C. Comstock. 
Professor George E. Hale. 


Captain Charles H. Davis, U. S. N., Superintendent of the Naval 
Observatory, presented to the Board an informal statement of circum - 
stances leading to the appointment of the Board of Visitors and sub- 
mitted correspondence relating thereto (Appendix, Exhibit A) and to 
a proposed reorganization of the Observatory (Appendix, Exhibit B). 
He also placed before the Board a list of Professors of Mathematics 
upon the active list of the Navy (Appendix, Exhibit C) from which 
corps the staff of the Observatory is largely drawn, and a list of all 
persons performing duty at the Observatory with their respective ranks 
(Appendix, Exhibit D). 

At the request of Messrs. Chandler and Dayton there was submitted 
to the Board by its other members the correspondence conducted by 
them as a committee of the Second Annual Conference of Astronomers 
and Astrophysicists for the purpose of obtaining the views of Ameri- 
can astronomers and physicists upon the organization and work of the 
Naval Observatory. Mr. Pickering submitted to the Board a statement 
regarding correspondence on the same subject conducted by a com- 
mittee of the American Association for the Advancement of Science. 

In view of the facts brought before the Board at its several sessions 
and after the best consideration-which it has been able to give to the 
subject, the Board of Visitors reports and recommends as follows : 

The Naval Observatory, which was originally established as a scien- 
tific bureau, auxiliary to the needs of the naval service, has become 
through half a century of growth and through the expenditure of large 
sums of money, as authorized by law, an astronomical observatory of 
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the first rank in respect of buildings, instruments and equipment. 
But by far the larger and more valuable part of its equipment has 
little or no reference to any direct requirement of the naval service 
and its existence can be justified only on the ground that Congress’ has 
intended to establish and maintain a national astronomical observa- 
tory. Under these changed circumstances its continued connection 
with the Navy Department has seemed to many of those whose views 
have been submitted to the Board of Visitors, illogical and undesirable. 
In view, however, of the absence of a national university, a depart- 
ment of science and industries, or other department or bureau of the 
government especially suited to the conduct of such scientific work, 
and in view of the diversity of opinion among American astronomers 
upon the question to which existing department the Observatory could 
be wisely transferred, we believe it to be inexpedient for us at the pres- 
ent time to further consider the subject of such transfer. 

With reference to the organization of the Observatory under naval 
administration, the Board of Visitors disapproves of those parts of the 
“Proposed Organization of Naval Observatory” (Appendix, Exhibit 
B), submitted under date of September 7, 1897, by “ F. E. Chadwick, 
Chief of Bureau of Equipment and C. H. Davis, Superintendent U. S. 
Naval Observatory,” which require the establishment of a formal 
observatory council with nominal functions and which by omission 
practically abolish the office of Astronomical Director. We are by no 
means objecting to the assembling in conference of the astronomers 
engaged in observatory work, but the proposed transfer of duties 
and responsibilities from a single director to a committee of five 
appears to us a step in the wrong direction; and when, as under 
the proposed scheme, an absolute power of veto upon all action by 
the council is lodged in the hands of one of its members, the use- 
fulness of the body seems to approach the vanishing point. In the 
history of observatories we have been unable to find a case of suc- 
cessful administration without a competent astronomer in immediate 
supervision of the work, and we believe that the ideal conditions 
for the successful administration of an astronomical observatory are 
most nearly realized when a professional astronomer is made the 
responsible director of the work. This system, which is adopted in 
every great national observatory, the Board of Visitors believes to be 
the one best suited to secure the astronomical efficiency of the Naval 
Observatory. 
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If the Naval Observatory as a shore-station charged with the per- 
formance of certain functions assumed to have a relation to the navy 
is to continue under the command of a line officer, we recommend that 
the astronomical staff of the Naval Observatory shall consist of an 
Astronomical Director, four astronomers, three assistant astronomers 
and such computers and other minor officers as may be provided by law. 
The Astronomical Director and astronomers, whether Professors of 
Mathematics or taken from civil life, and the assistant astronomers, 
should be appointed by the President, by and with the advice and con- 
sent of the Senate, to hold their offices until their successors are 
appointed. 

The Nautical Almanac office, which was formerly a distinct bureau, 
is now administered by departmental regulations as a part of the Naval 
Observatory, and it appears from the evidence submitted to the Board 
of Visitors that the successful administration of the Observatory is 
much impeded by reason of imposing upon its Astronomical Director 
the duties of Director of the Nautical Almanac. Each of these offices 
furnishes abundant employment for the entire time of an able astrono- 
mer, and we therefore recommend that there shall be a Director of the 
Nautical Almanac appointed by the President, by and with the advice 
and consent of the Senate, to hold office until his successor is appointed. 

We also recommend that provision be made for the continuation 
of the admirable series of memoirs published under the title “Profes- 
sional Papers of the American Ephemeris and Nautical Almanac.” 

A criticism, frequently and forcibly urged against the administra- 
tion of the Naval Observatory, not limited to the present time but 
covering almost the entire period of its existence, is that its astronom- 
ical work has not been prosecuted with that vigor and continuity of 
purpose which should be shown in a national observatory. The possi- 
bility of conducting well planned researches with unvarying regularity 
over long series of years should constitute the great advantage of a 
national observatory, an advantage which is not fully realized in the 
history of the Naval Observatory, where each principal astronomer 
seems to have been left to choose his own line of work and to alter it 
from time to time or abandon it. This is perhaps inevitable in a sys_ 
tem which places at the head of an observatory an officer who is not a 
technical expert in astronomical work; and therefore in order to 
secure continuity in the prosecution of work well chosen and coérdi- 
nated with that of other observatories, and also to obtain for the 
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Observatory and the Department advice and criticism which shall be 
both disinterested and responsible, we recommend the establishment 
of a permanent Board of Visitors substantially as follows: 

There shall be appointed by the President, from persons not 
officers of the United States, a Board of nine Visitors to the Naval 
Observatory, six to be astronomers of high professional standing, and 
three to be eminent citizens of the United States. Appointments to 
this Board shall be made for periods of three years, but provision shall 
be made by initial appointments for shorter terms so that two astrono- 
mers and one member of the Board not an astronomer shall retire 
in each year. Members of this Board shall serve without compensa- 
tion, but the Secretary of the Navy shall pay the actual expenses 
necessarily incurred by members of the Board in the discharge of such 
duties as are assigned them by the Secretary of the Navy, or are other- 
wise imposed upon them. The Board of Visitors shall make an 
annual visitation to the Naval Observatory at a date to be determined 
by the Secretary of the Navy and may make such other visitations, not 
exceeding two in number annually, by the full Board or by a duly 
appointed committee, as may be deemed needful or expedient by a 
majority of the Board. 

The Board of Visitors shall report to the Secretary of the Navy at 
least once in each year the result of its examinations of the Naval 
Observatory as respects the condition of buildings, instruments and 
apparatus, and the efficiency with which its scientific work is prose- 
cuted. The Board of Visitors shall prepare and submit to the Secre- 
tary of the Navy regulations prescribing the scope of the astronomical 
and other researches of the Naval Observatory and the duties of its 
staff with reference thereto. When appointments or details are to be 
made to the office of Astronomical Director, Director of the Nautical 
Almanac, astronomer or assistant astronomer, the Board of Visitors 
may recommend to the Secretary of the Navy suitable persons to fill 
such offices, but such recommendations shall be determined only by 
a majority vote of the members present at a regularly called meeting of 
the Board held in the city of Washington. 

Special attention is at this point called to the fact that the appoint- 
ment of a Board of Visitors to the Naval Observatory was recommended 
by Secretary Tracy in 1891, has been repeatedly urged by superin- 
tendents of the Observatory, and is requested by F. E. Chadwick, 
Chief of the Bureau of Equipment, and C. H. Davis, Superintenden 


[ 
4 


MINOR CONTRIBUTIONS AND NOTES ; 297 


U. S. Naval Observatory, in the ‘ Proposed Organization of Naval 
Observatory,” dated September 7, 1897 (Appendix, Exhibit B). The 
duties of the Board, as defined by these naval officers, would be in part 
as follows: ‘It lays down the general course of policy to be pursued 
for the coming year, including printing and publication of observations ; 
fixes the estimates for the astronomical departments ; nominates to fill 
vacancies in the astronomical staff (either by appointment or promo- 
tion); recommends as to repairs and acquisitions of new instruments.” 

If a permanent Board of Visitors as above recommended is estab- 
lished as a part of the administration of the Naval Observatory, it is 
evident that to it should be committed those questions of policy to be 
pursued in the conduct of the Observatory which are contained in the 
memorandum (Appendix, Exhibit B) submitted to the present Board 
by the Secretary of the Navy under date of June 28, 1899. We there- 
fore abstain from specific recommendations upon these subjects, many 
of which, indeed, call for a more prolonged and minute study of the 
situation than the members of the present Board have been able to 
give to it. 

We heartily endorse the recommendation contained in your report 
as Secretary of the Navy for the year 1897, that “the statute author- 
izing the appointment of Professors of Mathematics be so amended 
that without disturbing those who now hold office, which would be 
unjust to them, no further appointments shall be made” to the staff 
of the Naval Observatory (Appendix, Exhibit L). In addition to the 
reasons for this action which are urged by you in that report, we sub- 
mit for your consideration that the conditions under which astronom- 
ical work is done are so different from those which obtain in the naval 
service that a fixed tenure of office with the certainty of a retiring pen- 
sion in no way dependent upon the zeal or efficiency with which service 
has been rendered may easily produce diminished diligence and a 
purely perfunctory discharge of duties. A more serious evil of the 
existing system of naval commissions for astronomers, and one which 
has been forcibly exemplified within the past decade, is the compulsory 
retirement at the age of sixty-two of astronomers who are then in the 
maturity of their powers and who under civilian appointments would con- 
tinue to render to the Observatory a service of undiminished efficiency 
which they now transfer to other institutions. The reasons which 
impel the retirement of a naval officer from active service upon attain- 
ing a fixed age have no application in the case of an astronomer, and 
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he should be placed upon the same footing with other officers of the 
government performing strictly civilian duties. 

lf astronomers are appointed to the Naval Observatory from civil 
life to succeed retiring Professors of Mathematics the salaries provided 
should be sufficient, as recommended by you in that report for 1897, 
‘*to make up for the refusal to them of the privilege of retirement and 
also to secure men of high scientific attainments adequate to the 
demands of one of the most capable observatories in the world.” ‘To 
secure the services of the ablest astronomers the salaries provided 
should be slightly larger than those paid in the higher class of uni- 
versity observatories and account should be taken of the fact that 
university vacations are much longer than leaves of absence from the 
public service. The Board of Visitors recommends the following as a 
schedule of salaries which could be expected to attract astronomers of 
the class desired : 


Astronomical Director - - - $6000 
Director of Nautical Almanac - 5000 
First Astronomer - - - - 4000 
Second Astronomer - - - 3600 
Third Astronomer - - - - 3200 
Fourth Astronomer - - - 2800 
First Assistant Astronomer - - 2400 
Second Assistant Astronomer - 2200 
Third Assistant Astronomer - 2000 


The experience of every great observatory shows that the efficiency 
of its staff is materially increased by the provision of quarters near the 
observing rooms for those persons who are engaged in work by night, 
and we recommend that there should be quarters provided upon the 
Observatory grounds for all members of the astronomical staff regu- 
larly assigned to night work. 

In concluding its recommendations the Board of Visitors wishes 
earnestly to urge upon your consideration the necessity of making a 
success of the movement which you have begun in order to improve 
the condition of the Naval Observatory and to make its administration 
satisfactory to the great body of the astronomers of the country and to 
the public. 

Some of our recommendations, if they meet your approval, can be 
carried into effect by departmental action, but the changes which we 
regard as vital can only be obtained through legislation by Congress. 
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If such legislation is withheld, the continuance of present conditions 
is sure to result in a renewed, persistent, and possibly acrimonious 
demand for the removal of the Observatory from naval control. If, 
however, the legislation is enacted, and the improved system is given 
a fair trial, unquestionably much improvement will result, and it is 
not improbable that the Observatory will attain and hold that high 
standing in the scientific world which should be required of such an 
institution. 

To help bring about such a desirabie consummation we have com- 
plied with your request, although not made in pursuance of any law, 
that we should visit and investigate the Observatory; and we have 
recommended specific measures which we hope will lead to those 
reforms in administration which are imperatively necessary if the 
Observatory is to receive and retain the confidence and support of the 
astronomers and scientists of the world. 


ERRATA. 


Vol. IX, No. 3, page 160, line 3, for 3 hours and 15 hours, read 6 hours 
and 18 hours. 


Vol. X, No. 1, page 4, line 5, \ for T Ceti, for 335° 15.0’, read 355° 15.0’. 
Vol. X, No. 1, page 107, last line, for | 3.5392] read [3.5392,]}. 


NOTICE. 


The scope of the ASTROPHYSICAL JOURNAL includes all investigations of 
radiant energy, whether conducted in the observatory or in the laboratory. 
The subjects to which special attention will be given are photographic and 
visual observations of the heavenly bodies (other than those pertaining to 
‘astronomy of position’’); spectroscopic, photometric, bolometric and radio- 
metric work of all kinds; descriptions of instruments and apparatus used 
in such investigations; and theoretical papers bearing on any of these subjects, 

In the department of Minor Contributions and Notes subjects may be 
discussed which belong to other closely related fields of investigation. 


Articles written in any language will be accepted for publication, but 
unless a wish to the contrary is expressed by the author, they will be translated 
into English. Tables of wave-lengths will be printed with the short wave- 
lengths at the top, and maps of spectra with the red end on the right, unless 
the author requests that the reverse procedure be followed. If a request is 
sent with the manuscript one hundred reprint copies of each paper, bound in 
covers, will be furnished free of charge to the author. Additional copies 
may be obtained at cost price. No reprints can be sent unless a request 
for them is received before the JOURNAL goes to press. 


The Editors do not hold themselves responsible for opinions expressed 
by contributors. 


The ASTROPHYSICAL JOURNAL is published monthly except in July 
and September. The annual subscription price for the United States, 
Canada, and Mexico is $4.00; for other countries in the Postal Union it is 
18 shillings. Correspondence relating to subscriptions and advertisements 
should be addressed to 7he University of Chicago, University Press Division, 
Chicago, 11. 

Wm. Wesley &* Sons, 28 Essex St., Strand, London, are sole foreign agents, 
and to them all European subscriptions should be addressed. 

All papers for publication and correspondence relating to contributions 
and exchanges should be addressed to George E. Hale, Yerkes Observatory, 
Williams Bay, Wisconsin, U.S. A. 
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